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An  Inquiry  Into  the  Existence  of  Autociithonons  Malaria 
in  Boffaio  and  its  Environs.' 


PRELIMINARY     REPORT    ON     SPECIES     OF    MOSQUITOES    AND    RLOOD 
EXAMINATIONS. 


Bv  IRVING  P.  LYON,  M.D.,  and  ALFRED   1!.  WRICHT,  Stud.  Med.,  Buffalo,  N.Y. 


[From  the  Pathological  Laboratory  of  the  University  of  Buffalo.] 

THE  investigations  here  recortied  weie  suggested  by  two  chief 
considerations,  viz.,  first,  the  importance  of  accurately  ascer- 
taining the  species  of  mosquitoes  found  in  this  locality  with  respect 
to  establishing  whether  or  not  the  Anopheles  exists  here,  and,  second, 
also,  the  frequence  of  the  diagnosis  of  malaria  by  general  practi- 
tioners of  medicine. 

A  careful  consideration  of  the  first  point  seems  to  be  one  of  the 
most  feasible  and  scientific  methods  of  throwing  light  on  the  second 
point,  for  it  is  now  a  demonstrated  fact  that  various  species  of 
mosquitoes  embraced  within  the  genus  Anopheles  are  the  direct  agents 
of  the  dissemination  of  malarial  disease,  and  moreover  the  cumulative 
evidence  of  the  more  recent  studies  of  this  subject  has  focused  strongly 
on  the  probability,  that  the  Anopheles  is  the  only  active  agent  involved 
in  the  inoculation  or  production,  by  any  means,  of  malaria. 

We  have,  therefore,  approached  the  investigation  along  two 
principal  lines  of  inquiry,  as  follows:  (i)  What  species  of  mosquitoes 
are  found  in  and  about  Buffalo  ?   (2)  What  evidence  of  the  existence 
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of  autochthonous  malaria  here  is  furnished  by  examination  of  the 
blood  ? 

Before  presenting  the  facts  which  we  have  gleaned  by  pursuing 
these  lines  ot  inquiry,  we  wish  to  make  clear  that  we  recognize  the 
occurrence  of  occasional  cases  of  malaria  here,  in  which  the  infection 
had  been  previously  acquired  at  places  far  distant  from  Buffalo.  We 
have,  therefore,  excluded  from  consideration  all  cases  of  malaria  in 
persons  who  gave  a  history  of  recent  previous  malarial  infection  and 
in  those  who  had  traveled  at  a  distance  within  a  period  of  a  few  weeks 
previous  to  the  development  of  malaria  at  this  place.  We  have  also 
excluded  all  malarial  cases  in  which  the  history  was  not  explicit  and 
positive  with  respect  to  these  points. 

Riport  on  the  Spfcics  <>/  Mos(juiloes  collected  in  and  about  Buffalo. — 
Our  investigation  of  the  species  of  mosquitoes  found  in  this  vicinity 
covers  the  period  May  12 — October  7,  1900.  During  this  time  we 
have  examined  374  mosquitoes  caught  within  and  near  the  city  of 
Buffalo,  chiefly  from  points  along  Lake  Erie  and  Niagara  River. 
The  infrequence  of  mosquitoes  in  this  region  and  the  difficulty  of 
obtaining  them,  in  spite  of  our  unremitting  elTorts,  explain  why  we 
have  not  a  larger  number  of  specimens  upon  which  to  base  our  report. 
For  convenience  of  reference  we  have  compiled  the  following  table, 
showing  the  date  and  place  of  capture,  and  the  number,  species  and 
sex  of  the  mosquitoes. 

TABLE   OF   OBSERVATIONS. 


Date  of  Capture. 


ri.ict. 


May  IS,  1900 *i<)i  Barthel  street 


June 


■I. 

a6, 

"7. 
37. 

'9. 

'9, 

JO. 

3". 
a, 
7i 
B. 

•). 
10, 
'5. 

3>i 
'5. 

»5. 


iano« 


Rose  Hill,  Canada 

Fnfttcr'H  Klalfl,  Can,  (near  whirlpool).. 

*33  Park  street 

M.irill.i,  N.  V 

AMcn,  N.  V 

•Park  Ijkc 

:  *Sou(h  I*ark,  near  lake 


East  Concord,  N.  V,,  swiimp.. 
*32i  North  street 


•'    Gardcnvillc,  N.  V 

"    „ I  Khencier,  N,  V 

"   West  .Seneca,  N.  V 

"   Ic.rand  IsUnd,  N.  V 

" ("larcncc  Center,  N.  V. 


North  street.. 
I  *l'ark  Meadow,... 


Gen  118. 


Culcx... 


Species. 


Sex. 


Stimulans... 

I  Inipigcr  ... 

{Stimulans 
Inipiger.... 
Stimulans... 


I  Impigcr.... 
Stimulans... 

i  imj>igcr..., 

t  Stimulans 


\  Impiger... 
I  Stimulanii 


'  I  ImpiKcr.... 
.Stimulans...' 


Female . 


No. 
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Bate  of  Capture. 


June  28,  rgoo.. 
July    2,  1900... 

"       3.    "     •■ 

'     19. 

"     19,    "     ■■ 
"      iq       "      .. 


Place. 


*ioo  High  street 

*i9i  Bartliel  street.. 

*22r  North  street 

*0'Neirs  Park 


♦O'Neil's  Park,  woods  near 

Point  Abino,  Canada 

*Squaw  Island 

Fort  Erie,  Canada,  woods  near  . 


Genus. 


Culex. 


August    4,  igoo Athol  Springs,  N.  V. 


16, 
16, 


September    2,  igoo... 
"  6,    "    ... 


16, 


25. 


October  2,  igcjo *Soo  Main  street . 


*22  Park  street 

*i22  Grape  street 

22S  Goundry  street,  Tonawanda,  N.Y 

Tonawanda,  N.  V.,  swamp 

■  *i9i  Barthel  street 

*379  William  street 


*i9i  Barthel  street  .. 

*Cazenovia  Park 

Niagara  Falls,  N.  Y. 


*77  High  street 

Athol  Springs,  N.  Y.. 


Species. 


Sex. 


Impiger i  Female. 

Stimulans...]       " 

(    •;         "    :: 

\  Impiger....         " 

(        "       ....         "        ., 
\  .Stimulans  ,        '* 

1    "     ;    "    ■ 

I  Impiger.... 

t         " 

)  Stimulans         " 

Male....' 

,  Female  . 


Impiger.... 
Stimulans... 

!},  •:    :::! 

I  I  Impiger.... 

'  )  - 

I  Stimulans 

impiger 

I I  Stimulans 

1  Impiger.,.. 
Stimulans... 


itPungens  Male.... 
j  Stimulans  Female  . 
(Impiger....        " 


23 
■5 
18 
6 
■7 
12 

5 

4 


4 
27 
16 

3 
9 
6 
6 


*  Indicates  points  within  the  city  of  Buffalo. 

t  The  winss  of  this  specimen  were  injured  so  that  the  identification  of  its  sjiecies,  as  C. 
pungcfts,  by  Dr.  L.  O.  Howard,  was  qualified  as  "  probable".  ,^s  the  C.  pungens  and  C.  impiger 
are  very  similar,  this  specimen  may  ha\e  been,  perhaps,  C  impiger,  especially  as  no  other  specimen 
of  C. pnngens  was  found  in  our  collection,  whereas  C.  impiger  constituted  more  than  half  of  our 
specimens. 

It  will  be  seen  by  reference  to  this  table  of  observations  that 
the  374  mosquitoes  were  caught  on  thirty-nine  different  occasions, 
from  thirty-one  different  places,  of  which  fifteen  were  points  within 
and  sixteen  points  outside  of  the  city  of  Buffalo.  Many  specimens 
were  obtained  from  lowlands,  maishes,  ponds,  and  streams,  chiefly 
in  the  region  of  Lake  Erie  and  Niagara  River,  in  fact  from  places 
to  which  public  report  attached  a  reputation  of  being  malarious. 
The  specimens  were  obtained  by  months  as  follows;  May,  64;  June, 
63;  July,  117;  August,  37;  September,  84;  and  October,  9.  The 
observations  were  therefore  made  during  six  consecutive  months, 
representing  the  "malaria  season",  and  the  distribution  during  these 
months  was  fairly  uniform,  with  the  exception  of  the  last  month, 
October.  From  points  within  the  city,  121  mosquitoes  were  obtained, 
and  253  from  places  outside  of  Buffalo. 

Of  the  374  specimens,  every  mosquito  belonged  to  the  genus, 
Cuh:x,  and    not   a  single   example  of   Anop/ic/es,  the  malaiia-beaiing 
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variety,  was  found.     The  distribution  by  species  and  sex  is  shown  as 

follows: 

,.   ,           .•  I  Male   .    .     12 1 

t«/..r  ,mt,s,r '93  ^Female.    iS. 

/-  /       ,       /  ,*;„  (  Male   .    .      4  1  Male   .    .     17 

Culex  slimulaiis I&O  ,  »•         i  r  /  -c-        i 

I  female  .  176  (  Female  .   357 

CuUx  fitngtns I  •,  Male    .    .       i 

Total ."4  374  374 

It  is  thus  shown  that  C.  impigtr  and  C.  stimitlans  were  about 
equally  distributed,  and  that  a  third  species,  C.  piiiigcns,  was  repre- 
sented by  only  a  single  specimen,  the  identification  of  which  was  only 
probable,  due  to  the  injury  to  its  wings. 

The  unequal  sex-distribution  will  also  be  noted.  Only  seventeen 
males,  as  opposed  to  357  females,  were  found,  and  cuiiously  also  all 
of  them,  excepting  one,  C.  putigciis,  at  a  single  time  and  place.  We 
are  acquainted  with  no  other  statistics  showing  the  sex  distribution  of 
adult  mosquitoes  in  nature.  The  apparent  rarity  of  males  may  find 
its  explanation  in  the  fact  that  males  are  not  blood-suckers  and,  there- 
fore, would  not  be  so  frequently  found  as  females  near  people,  where 
they  would  be  caught. 

In  identifying  the  species  we  were  assisted  by  Mr.  E.  P.  \'an 
Duzee,  librarian  of  the  Grosvenor  Library,  and  by  Dr.  L.  O. 
Howard,  entomologist  to  the  Division  of  Entomology,  U.  S.  Depart- 
ment of  Agriculture,  Washington,  D.  C,  to  whom  we  wish  to  here 
record  an  expression  of  our  appreciation  and  indebtedness  for  their 
very  kind  assistance.  In  collecting  the  mosquitoes  we  have  received 
assistance  from  many  interested  and  kind  friends,  of  whom  our 
especial  thanks  are  due  to  Dr.  and  Mrs.  DeLancey  Rochester,  Dr. 
Eugene  A.  .Smith,  Mr.  .Mbert  Erey,  and  Mr.  T.  E.  Ellis.  Our  especial 
indebtedness  and  warmest  thanks  are  due  to  Dr.  Herbert  V.  Williams, 
professor  of  pathology,  llniversity  of  UufTalo,  in  whose  laboratory  the 
work  was  conducted,  for  his  active  coiiperation  and  generous  assist- 
ance for  many  months  in  this  study. 

To  the  courtesy  of  Mr.  Charles  A.  Bentz,  student  of  medicine  in 
the  University  of  Ruffalo,  we  are  indebted  for  the  accompanying 
diagrammatic  map  of  the  region  of  UufTalo  and  its  vicinity,  from  which 
we  collected  the  mos(|uitoes  for  this  study.  The  locations  from  which 
mosquitoes  were  caught  are  represented  on  the  map  by  points  in  red. 

In  concluding  the  repwrt  of  this  part  of  our  investigation,  we  may 
summarize  the  findings  by  the  statement  that  the  known  malaria-bear- 
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ing  genus  of  mosquito,  Anopheles,  was  not  found  among  374  speci- 
mens, and  its  absence  we  regard  as  strong  evidence  against  the 
development  of  malaria  here. 

Report  on  the  RIood  Exantination  of  Cases  of  Suspected  Malaria. 
— At  a  meeting  of  the  Buffalo  Academy  of  Medicine,  in  June,  1900, 
the  writers,  with  the  cooperation  of  Dr.  Herbert  U.  Williams,  offered 
their  services  gratis  for  making  blood  examinations  in  search  of  the 
malarial  parasites  for  any  physician  who  suspected  the  existence  of 
malarial  disease  in  a  patient.  In  addition  to  this  offer  we  also  put 
ourselves  in  communication  with  the  authorities  and  staffs  of  all  the 
larger  hospitals  and  requested  the  opportunity  of  examining  the 
blood  of  all  suspected  malarial  cases.  As  a  result  of  these  tenders 
we  have  examined  during  the  past  summer  the  blood  of  twenty-eight 
cases,  five  being  in  hospitals  and  twenty- three  the  private  patients 
of  practicing  physicians.  In  erery  ease,  without  exception,  the 
blood  was  found  negative  for  malarial  organisms.  Indeed,  during 
the  entire  summer  we  have  found  malarial  parasites  in  the  blood 
of  only  one  case,  referred  to  us  by  Dr.  (Jrover  \V.  \\'ende,  that 
of  a  man  who  had  recently  arrived  in  Buffalo  after  extended 
travels. 

The  Experience  of  Other  Ohsen<ers  loith  Blood  Examinations. — 
We  have  solicited  evidence  also  on  the  existence  of  autochthonous 
malaria  in  this  locality  from  the  experience  of  vaiious  physicians  who 
have  been  in  the  habit  of  making  blood  examinations,  as  consultants, 
whose  reports  are  briefly  summarized,  as  follows: 

Dr.  Ilerhert  ('.  Williams. — Has  never  seen  a  case  of  autoch- 
thonous malaria  in  Buffalo,  and  does  not  believe  it  occuis  here. 

Dr.  Herman  G.  Alatzinger.—V^wxm^  the  past  five  years  has 
never  seen  a  case  of  malaria  that  originated  here. 

Dr.  Albert  E.  U'oehnert. —  Has  seen  only  a  few  cases  of  malaria  in 
Buffalo  in  several  years,  and  no  case  that  he  could  affiim  originated 
here. 

Dr.  Thomas  H.  Carpenter.  —  Has  never  seen  a  case  originate  in 
Buffalo. 

Dr.  George  Roberts. — Has  seen  no  cases  heie. 

Dr.  Earl  Ijithrop.  —  During  the  last  five  years  has  examined  the 
blood  of  about  250  cases  of  suspected  malaria,  and  found  paiasilesin 
only  three,  all  of  whom  came  from  malarious  places  distant  from 
Buffalo. 

Dr.  N.  G.  Russell.— Wz.^  never  seen  a  case  of  malaria  that  origi- 
nated in  this  locality. 
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Dr.  Charles  S.  Jewett. — Is  of  the  opinion  that  autochthonous 
malaiia  exists  in  the  city;  has  found  malarial  parasites  (tertian)  in 
only  one  case  which  he  thought  acquired  the  infection  in  the  city,  but 
of  this  he  is  not  certain,  having  made  no  special  inquiries  at  the 
time  of  examination. 

Dr.  Julius  Ullmann.  — Has  never  seen  a  case  originate  in  Buffalo. 

Dr.  Vertner  Kencrson. — Has  seen  only  one  case  that  he  sus- 
pecled  of  local  origin,  but  he  made  no  special  inquiries  on  this  point. 

We  may  add  our  own  testimony  to  the  above  statements,  to  the 
effect  that  during  the  past  two  years  one  of  us  (Lyon)  has  made 
numerous  blood  examinations  and  has  found  malarial  parasites  in 
only  four  cases,  all  of  whom  acquired  the  infection  at  places  far  dis- 
tant from  Buffalo. 

The  unanimity  of  the  evidence  contained  in  the  above  statements 
against  the  autochthonous  development  of  malarial  infection  in  and 
about  Buffalo — for  many  examinations  were  made,  especially  in  the 
hospitals,  on  patients  from  contiguous  towns — needs  no  comment. 

We  have  also  solicited  the  opinions  of  many  physicians  from  all 
sections  of  Buffalo  and  from  neighboring  towns,  who  have  not  made 
blood  examinations,  as  to  the  existence  of  malarial  infection  originat- 
ing in  this  locality.  The  responses  have  varied  in  every  degree  from 
a  positive  affirmation  to  a  flat  denial  of  its  origin  here.  Those  who 
affirmed  its  occurrence  offered  no  evidence  in  support  of  their 
opinion,  save  the  clinical  and  therapeutic  behavior  of  their  cases. 
We  may  be  permitted  to  comment  in  this  connection  that  opinion, 
based  alone  on  clinical  and  therapeutic  observations,  can  claim  only 
slight  consideration  as  opposed  to  the  scientific  and  demonstrable 
evidence  of  the  microscope. 

Inquiries  at  all  the  large  hospitals  as  to  the  frequence  of  malarial 
cases,  without  reference  to  the  source  of  origin  of  the  infection, 
elicited  the  general  reply  that  such  cases  were  only  rarely  seen. 

We  may,  therefore,  summarize  this  part  also  of  our  inquiry  with 
the  statement  that  we  have  been  unable  to  discover  any  evidence  that 
proves  the  development  of  malaria  in  and  about  Buffalo  in  recent 
years. 

Before  closing  this  paper  we  wish  to  call  attention  to  a  few  further 
points  bearing  on  the  subject. 

Geology  and  Topography. — Our  observations  have  been  made  in 
the  city  of  Buffalo  and  in  neighboring  towns  within  a  radius  of  twenty- 
five  miles,  the  great  majority  of  observations  having  been  made  in 
places  close  to   I^ake  Erie  or  the  Niagara  River   within  or  very  close 
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to  the  city  of  Buffalo.  Buffalo  is  situated  at  the  eastern  end  of  Lake 
Erie,  whose  elevation  above  sea- level  is  573  feet.  The  city  rises 
above  this  level  in  general  from  20  to  100  feet.  The  county  of  Erie 
and  the  surrounding  district  from  which  our  observations  were  taken 
range  from  about  500  feet  above  sea- level  on  the  north  at  Niagara 
Falls  to  about  1,500  feet  in  the  hills  in  the  southern  part  of  Erie 
county.  In  general  the  district  is  underlain  by  a  rock-bottom,  com- 
posed chiefly  of  limestone  or  shale,  and  is  covered  with  clay  or  clay 
and  sand  or  gravel  to  a  varying  depth.  The  district  is  well  drained 
by  numerous  streams  and  contains  few  swamps  and  lowlands. 
Niagara  River,  the  outlet  of  Lake  Erie,  starting  at  Buffalo.  Mows 
northward  through  the  district  with  a  stiong  and  rapid  current.  The 
district  is  only  sparsely  wooded,  and  is  chiefly  an  agricultural  country. 

C//w(7/<-.^The  climate  of  the  region  is  salubrious.  The  mortality 
records  of  Buffalo  show  one  of  the  lowest  death-rates  recorded  for 
any  city  in  the  United  States.  The  prevailing  winds  are  fiom  the 
southwest,  passing  over  Lake  Erie  before  reaching  Buffalo.  The 
influence  of  the  lake  tends  to  produce  an  equable  temperature  at  all 
seasons.  The  summer  temperature  is  relatively  low,  the  winter  not 
severe.  Humidity  is  increased  by  the  influence  of  Lake  Erie.  The 
city  and  district  are  swept  by  frequent  winds,  blowing  off  the  lake, 
sometimes  of  violent  character.  The  weather  of  the  past  summer  is 
shown  by  the  I'nited  States  Weather  Bureau  records  to  have  been 
above  the  average  in  temperature,  humidity  and  precipitation. 

It  is  therefore  seen  that  the  geology,  topography  and  climate  of 
the  region  are  all  opposed  to  the  expectation  of  finding  malaria 
endemic  here.  The  country  is  high,  diy,  cool,  windy  and  sparsely 
wooded. 

Special  effort  was  made  to  study  cases  of  suspected  malaria 
and  collect  mosquitoes  fiom  places  that  are  commonly  called 
malarious,  viz..  Tonawanda,*  Squaw  Island,  South  Buffalo,  and  the 
swamps,  ponds,  and  streams  of  the  region,  and  many  observations 
were  made  from  these  places,  but  always  with  negative  results  for 
the  presence  of  malaria  or  the  Aiiof<heli-s. 

It  is  well  known  that  the  Atiof'liilfs  docs  not  inhabit  the  interior 
of  towns  and  is  found  in  general  only  in  rural  districts  near  natural 
collections  of  water,  such  as  ponds  and  streams,  where  it  breeds. 
'I"hus,in  notoriously  malarious  regions,  such  as  the  Roman  Campagna 
and  the  Chesapeake  Bay  region,  the  Anopheles  has  not  been  found 
within  the  cities  of  these  regions,  viz.,    Rome  and   Baltimore,  nor  do 
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cases  of  malaria  develop  autochthonously  within  these  cities,  except 
sporadically.  We  did  not  therefore, a  priori,  expect  to  find  Auophcks 
and  autochthonous  malaria  within  the  city  of  Buffalo,  and  only,  if  at 
all,  in  the  outside  rural  districts,  and  our  special  efforts  were  directed 
to  obtaining  evidence  from  outside  places. 

Inquiries  at  the  Pan-American  Exposition  grounds,  just  outside  of 
the  park,  where  the  soil  has  been  upturned  and  artificial  waterways 
have  been  in  construction  during  the  past  summer,  have  shown  that 
no  cases  of  malaria  have  been  reported  among  the  workingmen 
employed  there.  We  have  several  times  attempted  to  find  mosquitoes 
there,  but  always  unsuccessfully. 

The  weather  of  the  past  summer  has  been  more  than  usually 
favorable  to  the  spread  of  mosquitoes.  The  average  temperature, 
humidity  and  rainfall  have  been  above  the  average.  Still,  mosquitoes 
have  not  been  frequent  and  have  been  difficult  to  obtain,  and  the 
clinical  diagnosis  of  malaria  has  probably  not  been  more  frequent  than 
in  previous  years. 

As  previously  stated,  occasional  cases  of  genuine  malaria  have 
been  seen  in  Buffalo,  imported  from  a  distance.  The  return  of  our 
regiments  from  the  South  after  the  Spanish- American  war,  in  1898, 
brought  back  many  cases  of  the  disease.  Had  the  Aintphclcs  been  a 
common  inhabitant  of  this  region,  it  is  fair  to  assume  that  these 
imported  cases  of  malaria  would  have  affoided  opportunity  for  the 
infection  of  the  Anopheles  and  the  subsequent  development  of  an  out- 
break of  malaria.  This,  however,  did  not  occur.  On  the  other 
hand,  it  is  possible  to  suppose  that  the  Anopheles  might  be  imported  to 
this  region  from  a  distance  and  become  resident.  In  reply  to  the 
suggestion  of  this  possibility,  we  need  only  say  that  we  have  failed  to 
find  it,  and,  too,  in  a  season  favorable  to  mosquitoes.  Still  we  do 
not  deny  that  Anopheles  may  have  abounded  here  in  the  past  or  may 
do  so  in  the  future. 

That  mosquitoes,  and  even  the  Anophe^et,  may  exceptionally  be 
carried  to  a  distance  from  their  breeding-places  is  evidenced  by  the 
observation  of  Grassi,  who  observed  a  few  specimens  of  Anopheles  in 
a  railway  carriage  traveling  from  Florence  to  ]3erlin.  We  have  our- 
selves during  the  past  week  caught  a  mosquito  {Ciilex)  in  a  railway  car 
on  the  Lehigh  Valley  Railroad,  near  Geneva,  New  York,  in  traveling 
from  Buffalo.  It  may  be  that  by  such  agencies  and  others  the  spread 
of  Anopheles  into  new  localities  is  effected,  and  in  case  the  other  con- 
ditions necessary  are  present,  sporadic  cases  of  malaria  may  arise. 
Such  sporadic  cases,  due   to  such  exceptional   circumstances,  would 
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not  however  alter  the  general  fact  that  malaria  appears  to  be  rare  and 
is  not  endemic  heie.  It  seems  to  be  a  generally  accepted  fact  that 
genuine  malaria  was  in  earlier  years  common  throughout  this  region 
and  through  the  northern  and  eastern  states,  although  at  present  it  is 
a  rare  condition  away  from  the  seacoast  and  in  the  country  north  of 
New  Jersey. 

The  distance  to  which  mosquitoes  may  be  carried  exceptionally 
by  natural  agencies  is  unknown.  The  available  evidence  tends 
strongly  to  show  that  mosquitoes  usually  remain  close  to  their  breed- 
ing-places and  do  not  migrate  far.  They  resist  being  carried  by 
winds  and  storms  and  seek  shelter  against  the  violence  of  the  ele- 
ments. However,  to  what  distance  they  may  e.\ceplionally  be  carried 
by  violent  storms  is  only  conjectural. 

We  have  had  a  secondary  purpose  in  view  in  puisuing  these 
investigations,  namely,  to  contribute  our  minute  share  of  evidence  to 
the  world- wide  study  that  is  now  in  progress  of  the  relation  of  the 
distribution  of  the  various  species  of  mosquitoes  to  the  production  of 
malaria.  All  contributions,  however,  fragmentary,  isolated  and 
apparently  insignificant,  form  an  integral  part  of  the  foundation  of 
evidence  upon  which  the  future  knowledge  of  malaria- distribution 
must  rest. 

In  conclusion  we  wish  to  state  that  we  make  no  claim  to  having 
settled  the  question  of  the  occurrence  of  autochthonous  malaria  here, 
but  we  believe  that  only  by  such  studies  as  we  have  made  can  reli- 
able data  be  obtained  on  which  to  base  an  opinion.  It  is  sincerely 
hoped  that  fuither  contiibutions  to  the  subject  will  make  certain  what 
our  work  has  made  only  very  probable. 
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Note. — Since  the  publication  of  ihc  paper  of  Lyoii  and  Wright  a  few 
addilional  notes  liave  been  obtained 

Mr.  E.  P.  Van  Du/ec  rcpuris  having  <auiiht  between  twenty  and  thirty 
mosquitoes  at  Hamburg,  May  20  and  26,  1900,  and  a  smaller  number  at  Buffalo 
Plains.  June  19.  Igno.     All  were  of   the  genus  Culex. 

Twenty  mosquitoes  secured  during  August,  iqoo,  ip  the  wards  of  the  Erie 
Cuuiitv  Hospital    at  night,  have  been  examined.     All  were  of  the  genus  Culex. 

Mr.  M.  F.  Adams,  a  local  entomologist,  states  that  he  has  been  collecting 
and  identifying  mosquitoes  in  Buffalo  and  on  Grand  Island  during  the  summer 
of  1900.  Between  300  and  400  individuals  were  examined.  These  proved  to 
belong  to  the  genus  Culex,  with  three  exceptions,  which  were  of  the  genus 
Anopheles.  Two  of  the  latter  were  found  in  a  garden  on  Summer  Street  June 
qth,  the  third  on   Norwood  Ave.  August  7th.      Unfortunately  the  specimens  of 


1900.      1  he  malarial  par 

examination  of  preparations  from  a  rase  in  the  citv  Novemlier  21,  iqoo. 

EDITOR. 
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POROKERATOSIS,    WITH     REPORT    OF    CASE.' 

Bv  Grover  W "iLLiAM   Wenue,  M.D., 
Clinical  Professor  of  Dermatology,  University  of  Buffalo. 

IN  the  year  1887,  Donienico  Alaiocchi,  an  Italian,  put  on  record  a 
case  presenting  a  singular  appearance  of  the  skin,  wl.  .ch  he 
thought  to  be  a  fonn  of  ichthyosis  hystrix.  After  a  lapse  of 
six  years,  the  same  case  was  brought  to  the  notice  of  Vittorio  Mibelli, 
also  an  Italian,  who  pronounced  the  lesion  peculiar  and  exceptional, 
described  the  pathological  process  as  distinctive,  and  characterized 
the  affection  as  porokeratosis.  Simultaneously  with  the  obsers-ations 
made  by  Mibelli,  there  appeared  in  the  Gioriiah  Italiaiio  dcUc  ina- 
lattie  veneree  e  dcila  Pclle  an  article  by  Respighi,  describing  a  num- 
ber of  cases,  which,  in  a  cHnical  and  pathological  sense,  were  the  same 
as  those  already  reported  by  Mibelli.  One  year  later  Respighi  classified 
his  particular  cases  under  the  name  of  hyperkeratosis  eccentrica.  In 
i8y6,  AI.  B.  Hutchins  of  Atlanta,  Georgia,  ptiblished  the  clinical  de- 
tails of  a  case  of  porokeratosis  occurring  outside  of  Italy,  he  having 
had  the  patient  under  observation  since  1892,  one  year  prior  to  Mibelli's 
announcement.  In  1897,  1-  *-"•  Gilchrist  of  Baltimore,  Md.,  made 
reports  of  eleven  cases  which  proved  that  the  affection  had  followed 
a  course  of  transmission  from  grandtiiother  to  grandchildren.  In  June 
of  the  same  year.  Dr.  Max  Joseph  gave  a  graphic  and  exhaustive  ac- 
count of  two  cases  encountered  by  him  in  Liermany.. 

The  pathological  alterations  incident  to  this  disease  are  apparently 
non-inflammatory  in  character  and  are  confined  to  the  epithelial  layer 
of  the  skin,  which,  at  the  outset,  appears  as  a  specialized  horny  patch 
that  soon  becomes  depressed  in  the  center,  afterward  developing  into 
a  seam  (Hutchins)  or  dyke  (Mibelli).  The  periphery  of  the  lesion 
reveals  a  gradual  development,  is  unicjne  in  character,  and  cannot 
justly  be  likened  to  any  other  cutaneous  manifestation.  A  pronounced 
line,  which  may  be  either  uninterrupted  or  broken,  marks  its  course. 
This,  at  times,  is  studded  with  miliary  projections  fomiing  in  the  out- 
line of  the  skin  involved. 

The  lesion  presents   a   configuration   that   may  be   either   regular, 

'  From  the  Pathological  Laboratory  of  the  University  of  Bufifalo, 
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wavy,  ix)lycircular,  ur  grutcs(iuc,  and  that  varies  in  size  from  a  single 
centimeter  to  dimensions  sufficient  to  cover  the  entire  foreanii.  It 
shows  a  predilection  for  exposed  surfaces,  especially  the  hands  and 
face — sometimes  the  feet,  rarely  the  body.  When  the  hands  and 
feet  are  affected,  the  manifestation  is  usually  in  close  proximity  to  the 
joints,  the  nails  becoming  secondarily  involved.  Occasionally  the  buccal 
mucous  membrane  is  found  to  be  the  seat  of  tlie  disease.  The  skin 
within  the  inclo.sure  produced  by  the  peculiar  scam  may  be  apparently 
nomial,  or  atrojAic  and  slightly  depressed,  with  loss  of  hair.  Com- 
plete anidrosis  has  also  been  observed  in  these  areas,  undoubtedly  due 
to  tlie  destruction  of  the  sudoriparous  apparatus.  Small  oval  concre- 
tions, isolated  or  grouped,  resembling  the  miliary  projections  described 
in  the  seain,  are  sometimes  discovered  on  llie  surface  of  the  aiiected 
parts.  The  disease  is  found  to  attack  both  sexes,  but,  thus  far,  judg- 
ing from  the  cases  reported,  the  male  sex  predominates.  Nor  is  there 
any  discrimination  with  regard  to  age,  the  disease  occurring  alike  in 
childhood,  adolescence,  and  maturity.  Spontaneous  retrogression,  or 
actual  disappearance,  has  never  occurred  except  in  one  of  the  cases 
published  by  .Mibelli.  After  existing  for  a  number  of  years,  the  dis- 
ease gradually  progresses  and  continues  through  life.  Subjective  symp- 
toms may  or  may  not  be  present. 

Proof  of  hereditary  transmissiliility  is  often  evident,  as  shown  by 
the  cases  published  by  (iilchrist,  where  eleven  members  of  one  family 
were  declared  to  be  affected  in  the  course  of  four  generations.  The 
results  obtained  frtnn  a  microscopical  investigation  by  Mibelli  demon- 
strate the  fact  that  the  prcKcss,  from  its  commencement,  is  practically 
a  hyperkeralimzation.  The  alteration  is  first  seen  to  take  ])hRe  in 
the  eijithelial  lining  of  the  tubules  of  the  coil  glands,  as  a  cell  pn>litera- 
tion  or  acanthosis.  Sul)se<|Uently,  there  is  manifest  a  plugging  due  to 
marked  hyperkeratosis,  followed  by  atrophy,  which  extends  to  and  in 
eludes  the  various  layers  of  the  skin  as  well  as  the  sebaceous  glands 
and  hair-follicles. 

.\  case  occurring  in  my  own  ])ractice  which  may  be  regarded  as 
typical,  although  not  as  extensive  in  its  ilistrihntion  as  some  already 
recorded,  nevertheless  condrnis  the  details  of  the  original  description 
of  the  (li.sease.  My  observations  were  supplementi'd  by  a  few  exjx^ri- 
ments.     The  history  of  the  case  follows: 

On  tile  17th  of  .September.  i8<<7,  at  the  disj^cnsary  of  the  I'niver- 
sity  of  I'.iiffalo,  I  first  came  in  contact  with  the  iiatieiil.  a  wonian.  who. 
at  the  time,  was  forty-five  years  of  age.  strong  and  iiealthy,  with  the 
exception  of  the  presen'  .•tilaneous  trouble.  Except  an  attack  of  sniall- 
]T<>x,  wliicii  occurri'd  at  the  age  of  six,  llu'  previous  liislory  was  negative. 
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The  natient  is  of  Anit-ricaii  birth,  inttnigent,  marrieil.  and  pursues  an 
active  and  industrious  Hfe.  Her  father  was  ninety-seven  years  old 
at  the  time  of  Iiis  deatli.  and  her  mother  is  now  eighty  years  of  age. 
She  has  a  brother  and  a  sister,  both  of  whom  are  in  good  heaUh.  As 
far  as  known,  no  member  of  the  family,  near  or  remote,  was  ever  af- 
fected with  a  like  malady.  Her  complexion  is  that  of  a  brunette;  the 
skin  is  thick  and  pigmented ;  the  hair  is  hazel,  and  the  mucous  mem- 
brane of  the  mouth,  as  far  as  visible,  is  rose  red. 

It  was  soon  discovered  that  the  expression  of  the  eruption  with 
which  the  patient  was  affected  was  striking  and  exceptional.  She  was, 
therefore,  promptly  sent  to  a  photographer  who  secured  the  accom- 
panying picture.  It  was  impossible  from  the  appearance  of  the  lesion 
and  the  symptoms  present,  to  make  a  positive  diagnosis.  Consequently, 
there  was  prescribed  a  20-per-cent.  ointment  of  mercury,  to  be  spread 
on  cloth  and  held  /;;  situ  by  means  of  adhesive  plaster.  It  was  also 
thought  that  benefit  might  be  received  from  a  mixed  treatment.  K.  I. 
and  Hg.  were,  therefore,  given  internally.  That  these  remedies  were 
deserving  of  an  extended  trial  was  judged  from  the  knowledge  pos- 
.sessed  at  the  time  regarding  the  etiology  and  pathologv  of  the  dis- 
ease. The  patient  did  not  return  to  the  dispensary  for  three  months. 
The  remedies,  however,  were  employed  unremittinglv,  but  with  no 
positive  effect,  except  that  the  local  itching  was  somewhat  subdued. 

After  reading  Hutchins"  article,  which  appeared  on  page  373  in  the 
Joi'RNAL  OF  CuT.\NEOus  .\XD  Gexito-Urin.\ry  DiSE.ASES,  October. 
T896.  the  syphilitic  theory  was  dropped  and  the  mercury  application 
abandoned,  as  it  was  found  by  a  comparison  of  the  case  in  hand  with 
his,  that  the  patient  also  exhibited  unequivocal  marks  of  porokera- 
tosis. As  to  the  peculiar  way  in  which  the  trouble  began,  the  patient 
stated  that,  five  years  ago,  slie  became  aware  of  the  exisftence  of  a 
small,  rough,  scaly  papule,  situated  upon  the  dorsal  side  of  the  inter- 
digital  fold,  between  the  thumb  and  the  inde.x-finger  of  the  left  hand, 
which  speedily  assumed  the  appearance  of  a  new  growth,  was  about 
the  size  of  a  pea,  and  resembled  a  seed  wart.  For  a  long  time  its  di- 
mensions were  unchangcil.  causing  considerable  annoyance,  as,  upon  the 
slightest  provocation,  the  lesion  would  become  excoriated.  This  hyper- 
trophy, with  its  occasional  denudations  and  peculiar  sensitiveness,  pre- 
vailed for  more  than  one  vear,  when  it  suddenly  assurned  quite  a  different 
character,  being  replaced  by  a  scaly  ring  about  the  size  of  a  coriander 
seed,  with  a  marked  border,  and  a  steady  and  gradual  inclination  to 
develop  and  spread  peripherally.  The  irritation  and  consequent  tonnent 
were  materially  lessened  upon  the  subsidence  of  the  excrescence,  but 
increased  a?  the  circle  becam  larger. 
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For  the  past  two  years  the  condition  has  been  accompanied  by  a 
sudden,  colorless,  evanescent  tumefaction  of  the  skin  surrounding  the 
lesion.  Different  localities  of  the  forearm,  even  at  points  remote  from 
the  lesion,  were,  at  times,  affected.  Its  development  has  always  been 
sudden  and  rapid,  invariably  culminating  in  less  than  two  hours  and 
vanishing  with  equal  rapidity.  This  condition  would  frequently  mani- 
fest itself  after  the  patient  retired  for  the  night  and  would  disappear 
before  morning.  The  swelling  always  affec^ted  the  same  hand  and 
arm.  but  not  always  the  same  region,  .'\nother  peculiarity  complained 
of  was  the  intensity  of  the  itching  whenever  the  hand  came  in  contact 
with  water,  especially  if  it  was  warm:  in  fact  any  change  of  tempera- 
ture aggravated  the  affection.  On  Deceml^er  15.  1897.  two  weeks  after 
all  local  and  internal  treatment  had  been  discontinued,  a  most  careful 
examination  of  tlie  case  was  made,  which  disclosed  no  evidence  of 
organic  or  functional  disturbance  of  the  heart,  lungs,  or  any  of  the 
abdominal  organs.  An  analysis  showed  the  urine  to  be  normal.  The 
peripheral  and  central  nervous  systein,  as  well  as  the  organs  of  special 
sense,  exhibited  no  unhealthy  condition. 

Following  the  examination,  a  few  days  later,  the  circumscril>ed 
cutaneous  edema,  already  referred  to.  was  observed.  The  intennit- 
tent  lesion,  measuring  two  inches  in  diameter,  occupied  the  anterior 
surface  of  the  forearm  :  the  color  of  the  skin  was  natural :  and.  by  the 
next  day.  the  swelling  had  wholly  disappeared,  with  the  exception  of 
two  small  scaly  pea-si/rerl  patches,  thought  to  indicate  the  inceptive 
stage  of  the  disease.  The  forearm  presented  a  norinal  aspect.  The 
scaly  spots  were  not  examined  microscopically.  The  princijial  lesion. 
presenting  the  same  feaMirc  as  tho.se  described  by  Mibelli  and  Res])ighi. 
was  found  on  the  hand  of  the  same  arm.  at  the  base  of  the  thumb  and 
index-finger,  and  encroaching  upon  the  interdigital  fold.  The  patch 
represented  an  area  measuring  sixty  millimeters  at  its  longest  diameter 
and  thirty-five  at  its  shortest.  Tt  was  quadrilateral  in  shape  and  clearly 
defined  bv  the  unusual  continuous  zig-zag  border  which  constitutes 
the  pathological  characteristic  of  the  disease.  This  abiiomial  lx>undarA' 
between  the  patch  and  the  healthy  skin  was  e.specially  interesting  from 
the  fact  that  it  was  raised  into  a  pronounced  ridge,  liornv  and  uiivield- 
ing.  having  a  marked  centra'  rift  which  varied  in  depth.  The  ridge 
measured  two  millimeters  in  both  width  and  height.  At  the  points 
where  the  prominence  was  most  flattened  the  rift  was  entirclv  obliter- 
ated. The  lesion,  in  color,  resembled  the  nonnal  skin,  although  some- 
what heightened  by  the  deposit  of  extraneous  matter,  .\part  from 
the  ridge,  the  skin  was  not  apparently  influenced  by  the  morbid  process, 
hut  that  confined  within  the  area  and  contiguous  to  the  inner  edge  of 
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the  boundary  line  varied  from  a  slight  pink  to  a  glossy  white — die  latter 
being  more  toward  the  center.  The  entire  inclosure  was  slightly  de- 
pressed, with  a  loss  of  hair-follicles.  The  natural  furrows  of  the  epi- 
dermis were  somewhat  less  apparent,  as  shown  in  the  photograph. 

A  deep  spot  of  cicatricial  tissue,  resembling  parchment,  was  espe- 
cially noticeable.  A  single  hair,  abnormally  bent,  was  found  within  the 
inclosure.  At  the  first  exammation,  prior  to  the  mercurial  application, 
numerous  horny  nodules,  the  size  of  a  rape-seed,  were  observed  in  close 
proximity  to  the  inner  portion  of  the  ridge,  on  the  wrist  side,  which 
could  easily  be  removed  by  the  finger-nail,  leaving  minute  inden- 
tations. Numerous  conical  elevati':>ns,  analogous  to  the  small  concre- 
tions embedded  in  the  plaque,  existed  in  the  rift,  some  of  which  were 
scattered,  others  combined  in  groups.  These  may  readily  be  detected' 
by  viewing  the  photograph  (Fig.  i)  with  a  magnifying  glass. 

The  affected  area  also  displayed  an  invariable  anhydrosis  and  este- 
atosis  of  the  surface.  The  internal  administration  of  pilocarpine  prac- 
tically illustrated  a  total  suppression  of  perspiration  in  the  inclosure, 
whereas  an  increased  flow  was  ever)  where  apparent,  even  in  close  prox- 
imity to  the  ridge.  The  application  of  mercurial  plaster  for  the  first 
three  months  simply  retarded  the  growth  of  the  lesion,  while  the  more 
recent  employment  of  the  curette  and  the  use  of  salicylic  acid  tempo- 
rarily removed  the  rim.  However,  it  was  readily  re-formed  and,  after 
a  lapse  of  four  weeks  mcreased  to  the  dimensions  of  six  millimeters. 

In  the  five  fragments  of  skin,  which  were  removed  for  micro- 
scopical examinations,  from  the  border  of  the  parts  affected,  the  histo- 
pathological  appearances  characteristic  of  the  disease  were  clearly  mani- 
fest. After  the  usual  hardening  in  alcohol  and  embedding  in  celloidin, 
vertical  sections  were  cut  and  stained.  One  description  will  suffice  for 
the  different  methods  which  were  employed  in  the  various  microscopical 
examinations.  In  the  sections  examined,  wherever  the  ridge  existed, 
the  epidermal  layer  was  greatly  augmented.  Within  the  inclosure,  in 
portions  of  the  stratum  corneum,  there  was  a  general  hyperkeratosis. 
There  was  also  hypertrophy  of  the  rete  Malpighi.  A  marked  hyper- 
trophv  was  manifest  in  portions  of  the  layers  previously  affected.  In 
other  portion's,  it  was  discovered  that  the  disease  principally  affected  the 
stratum  corneum.  This  developed  into  a  ridge  extending  above  the 
normal  level  of  the  epidennis.  which  was  easily  removed  by  means  of  a 
curette.  A  vertical  section  of  this  imusual  elevation,  after  having  been 
subjected  to  a  picrocarmine  stain,  was  foimd  to  consist  of  an  aggrega-» 
tion  of  epithelial  cells,  arranged,  with  more  or  less  reg^darity,  into  either 
perpendicular  or  oblique  columns.  The  nuclei  of  some  of  these  cells 
were  deeplv  colored,  others  were  wholly  unaffected.     Near  the  surface 
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wliere  the  cells  were  most  irregular,  the>-  were  partially  destroyed  and 
the  remnants  were  combined  into  groups :  while  those  in  certain  locali- 
ties, and  contiguous  to  the  stratum  mucosum,  were  rounded  and  often 
presented  distinct  nuclei.  The  rete  nearest  the  rift  was  usually 
thickened  and  its  interpapillary  prolongations  were  greatly  exagger- 
ated. The  cylindrical  cells  of  the  basal  layer  were  well  preserved ;  the 
same  was  true  of  those  comprising  the  prickle  layer,  when  not  in  close 
proximity  to  the  rift,  in  which  event  they  assumed  an  appearance  of 
roundness  and  were  usually  widely  .separated.     The  stratum  lucidum 

Fig.  I. 


•was  only  rarelv  perceptible ;  it  was  often  ill-defiuetl.  more  frequently 
invisible.  The  stratum  granulosum.  without  exception,  rcvealetl  a 
marked  livjiertropliy.  apparently  consisting  of  five  to  eight  layers  of 
granular  changed  cells,  which  was  especially  augmented  in  the  vicinity 
of  the  sweat-dncts,  and  which  took  the  picrocarmine  and  hematoxylin 
stain  exceedingly  well.  This  pronounced  alteration  in  the  granular 
layer  iias  led  me  to  believe  that  nossiblv  it  may  l>e  the  seat  of  the  origin 
of  the  disease. 

Tlie   superficial   lilood-vcssels    in    ilic   |>.i|nil;n    .ind    rctiiMilar   layers 
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of  llie  curium,  under  the  long  papilke,  where  the  process  was  most 
active,  were  dilated  and  contained  an  increased  number  of  leucocytes. 
This  change  was  especially  apparent  in  the  vicinity  of  the  sweat-glands. 
The  morbid  alterations  in  the  glands  themselves  and  in  their  ducts 
w-ere  conspicuous.  The  sweat-pores  within  the  inclosure  were  plugged 
with  numerous  horny  cells.  Their  lining  was  seldom  smooth  and  their 
orifices  were  but  slightly  involved.  However,  in  the  ridge,  the  orifices 
of  the  ducts  presented  a  superimposed  mass  of  horny  cells,  extending 
as  far  down  as  the  rete  and  producing,  in  many  instances,  a  terminal 
plug.  Jn  the  ridge  itself,  where  the  process  was  most  active,  the  sweat- 
apparatus  exhibited  no  evidence  of  atrophy.  On  the  other  hand,  with- 
in the  circle  formed  by  the  ridge,  the  lumen  of  the  ducts  was  often 
diminished  in  caliber — sometimes  destroyed. 

The  glandular  tissue  comprising  the  sebaceous  glands  was  notice- 
ably diminished  in  those  parts  where  the  changes  were  active. 

At  times,  the  accumulation  of  epithelium  would  be  found  in  the 
mouth  of  the  sebaceous  follicles,  while  but  little  of  the  sebaceous  glands 
remained  recognizable.  Tn  the  ridges  the  hair  and  its  follicles  could 
not  be  discovered  at  all. 

Tlie  effort  to  determine  the  real  source  of  this  exceptional  affec- 
tion is  attended  by  many  difficulties,  for  the  reason  that,  as  yet,  our 
knowledge  of  it  is  so  limited  that  we  can  only  approximate  definite 
classification,  being  governed  by  its  anatomical  aspects  as  pointed  out 
by  Mibelli.  We  can  never  know  what  is  primary  and  what  is  sec- 
ondary, or  what  occasions  the  acciminlation  of  horny  cells  in  the  duct 
of  the  coil-glands,  and  their  plugging,  until  we  possess  a  rational  ap- 
preciation of  the  etiology  of  the  disease. 

Respighi  conjectures  tha,t  the  troul>le  may  be  of  a  parasitic  nature, 
and  endeavors  to  discover  its  origin  by  staining  for  micro-organisms 
and  by  experiments  in  transplantation.  Bacteriological  examinations 
were  also  made  by  him.  and  various  culture-media  were  used,  but  no 
evidence  of  the  existence  of  micro-organisms  resulted.  Prior  to  the 
reading  of  Respighi's  article,  the  writer  made  some  thirty  inoculations 
upon  four  different  individual.^ — ten  on  December  17.  1807.  t^n  '^ti 
Januarv  ist.  and  ten  more  on  lanuary  15,  1898.  The  method  of  pro- 
cedure consisted  simplv  in  a  slight  scarification  of  the  parts  to  be  in- 
oculated, sufficient,  however,  to  produce  an  oozing  of  lymph,  when 
a  small  ainount  of  the  pulverized  horny  substance  from  the  rift  of  the 
lesion  heretofore  described  was  gently  rubbed  into  the  locality  scarified, 
allowed  to  drv,  and  protected  from  friction  by  means  of  an  ordinary 
round  corn-plaster.  The  scarifications,  with  the  exception  of  a  few 
upon  the  arms,  were  mostly  made  upon  exposed  parts.     Rut  a  single 
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one  01  the  thirty  inoculations  mentioned  seemingly  proved  a  success — 
this  occurred  upon  tiie  unaffected  hand  of  the  patient  having  the  dis- 
ease, after  ten  unsuccessful  attempts.  All  the  others  revealed  the 
ordinary  crusting,  whicli  readily  healed  and  came  to  nothing.  The 
first  indication  of  successful  inoculation  was  the  appearance  of  a  small, 
rough,  non-inflammatory  spot,  which,  within  ten  days,  gave  evidence 
of  a  slight  elevation  in  the  center,  and  extended  peri])hcrally  until  it 
attained  the  size  of  a  rape-seed.  It  then  began  to  flatten,  without  any 
visible  signs  of  either  discoloration  or  intlamniation.  Two  weeks  later 
it  was  accompanied  by  intense  itching,  and  the  patient,  fearing  a  diffi- 
culty like  the  one  from  which  she  had  so  long  suffered,  became  uneasy 
and  demanded  its  immediate  removal.  The  operation  was  delayed  as 
long  as  ix)ssible :  however,  after  the  expiration  of  ten  weeks,  to  obviate 
further  anxiety  on  the  part  of  the  sufferer,  it  was  jHTfonned. 

The  extirpated  tissues  were  then  subjected  to  a  microscopical  ex- 
amination which,  in  lh<'  main,  revealed  features  not  unlike  those  found 
in  sections  taken  from  the  typical  lesion.  The  similarity  consisted  in 
the  pathological  changes  associated  with  the  orifices  of  the  coil-glands 
and  the  ]>resence  of  a  horny  cell  ]5roliferation  within  their  ducts.  Xear 
the  center  of  the  section  of  the  orifice  of  a  gland  was  clearly  perce])til)le. 
This  was  sufficiently  dilated  to  form  a  funnel-shaped  o|K'ning,  jtlugged 
with  a  mass  of  horny  cells  that  projected  to  the  extent  of  one  milli- 
meter beyond  the  normal  K-vet  of  the  epidennis.  The  tissues  sur- 
rounding the  projection  were  k«>seiy  arranged  and  greatly  increased 
in  thickness.  Hypertrophy  of  the  mncosum  was  also  evident,  .\part 
from  this  there  was  nothing  suspicious. 

In  my  o|)iin'(>n,  had  the  manifestation  been  allowed  to  remain,  it 
woulil  undoubtedly  have  ]iroduce(l  the  disease,  with  all  the  clinical 
features  fully  developed.  A  largo  numlier  of  sections  from  the  newly 
formed  lesion  were  stained  for  micro-organi.sms,  after  the  methods  of 
Gram,  (""iram-VVeigert.  and  with  Ziehl's  carbolfuchsin.  but  without  re- 
sult. These  same  methofis  were  used  in  connection  with  the  original 
lesion,  but  no  micro-organisms  were  demonstrate<l. 
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THE  RELATION  OF  THE  SPECIFIC  GRAVITY  OF  THE 
BLOOD  TO  ITS  PERCENTAGE  OF  HEMOGLOBIN. 


Bv  F.  C.  BUSCH,  B.S.,  M.D.,  A.  T.  KERR,  B.S.,  M.D.,and  F.  FILSIXCER.  M.D., 
of  Buffalo,  N.  V. 

From  the  Pathological  Laboratory,  University  of  Buffalo. 


SINCE  the  publication  of  our  paper  in  the  Mcdica/  JVcjos  of 
December,  1895,'  we  have  added  a  number  of  new  cases  to  our 
list  of  observations.  In  addition  to  these,  we  have  included  in  the 
present  paper  much  of  the  description  of  methods  given  in  our  former 
paper,  together  with  the  results  of  our  first  observations. 

For  the  determination  of  the  hemoglobin  in  our  first  series  we 
used  V.  Fleischl's  hemometer  and  Gowers's  hemoglobinometer.  We 
made  no  count  of  the  blood  corpuscles,  in  comparison,  but  it  has  been 
found  by  Jones,  Hammerschlag,  Schmaltz  and  others,  that  the 
specific  gravity  corresponds  more  closely  with  the  amount  of  hemo- 
globin than  with  the  nurnber  of  red  blood-corpuscles. 

For  determining  the  specific  gravity  of  the  blood,  a  variety  of 
methods  have  been  used.  A  good  method,  but  one  which  takes 
considerable  time,  is  that  with  the  pycnometer.  This,  as  used  by 
Schmaltz,  is  a  capillary  tube  of  0.1  cc.  m  capacity,  which  is  first 
weighed  empty,  then  when  filled  with  water,  and,  finally,  when  filled 
with  blood.  The  weight  of  the  tube  is  subtracted  and  the  specific 
gravity  calculated  from  the  weight  of  the  blood  as  compared  with  that 
of  the  water. 

Fano,  in  1882,  used  a  method  which  depends  upon  the  principle 
that  a  body  when  immersed  in  a  fluid  will  float  indifferently  in  that 
fluid  when  the  specific  gravities  of  the  two  are  the  same.  The  fluid 
used,  was    a  solution  of   gum  in    water.      To  make    this    heavier,  he 

I.  Busch  and  Kerr:  "The  Relation  Between  the  Specitic  Gravity  of  the  Blood  and  its 
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added  a  denser  gum  solution.  To  make  it  lighter  he  added  water. 
Blood  was  introduced  into  this  and  tlie  liquid  made  to  correspond  in 
specific  gravity  to  that  of  the  blood.  The  specific  gravity  of  the 
liquid  was  then  determined  and  thus  at  the  same  time  that  of  the  blood. 

Roy,  in  1884,  devised  a  method  applying  this  same  principle. 
He  used  solutions  of  salt  or  other  suitable  substances  ranging  in 
specific  gravity  from  1.035  'o  '-oyS-  For  making  the  test  he  used  a 
modified  hypodermic  syringe.  This  had  a  small  steel  tube  prolonged 
inward  from  the  tip  so  as  to  be  seen  through  the  glass  sides  of  the 
barrel.  The  syringe  was  filled  with  a  salt  solution  and  a  drop  of 
blood  drawn  into  it.  As  it  emerged  from  the  steel  tube  into  the  solu- 
tion he  noted  whether  it  rose  or  sank.  If  it  sank,  a  new  solution  of 
higher  specific  gravity  was  chosen;  if  it  rose,  one  of  lower  specific 
gravity  was  taken.  Finally,  one  was  obtained  in  which  the  blood 
neither  rose  nor  sank,  or  two  were  found  in  one  of  which  it  rose  and 
in  the  other  sank.  In  the  latter  case  the  specific  gravity  of  the  blood 
was  between  the  two. 

Roy's  method  as  modified  by  Jones,  is  as  follows:  The  apparatus 
consists  of  from  20  to  25  one-ounce  glass  bottles  filled  with  standard 
solution  of  glycerin  and  water,  differing  one  from  the  other  by  o.  001 
specific  gravity  and  ranging  from  1.02710  1.075;  a  number  of  fine 
glass  pipettes  drawn  out  to  a  point  and  bent  at  right  angles  near  the  tip: 
a  cylindrical  glass  jar  of  about  one-dram  capacity;  and  a  nuniliLT  of 
clean  suture-needles.  By  means  of  the  pipette  the  blood  is  introduced 
into  the  one-dram  jar  filled  with  one  of  the  standard  solutions  chosen 
by  guess  from  the  appearance  of  the  patient.  It  is  then  blown  out 
gently,  being  given  an  impetus  in  a  horizontal  direction  owing  to  the 
bent  tip  of  the  pipette.  If  it  rises  or  sinks  other  solutions  are  chosen, 
as  in  Roy's  method. 

Landois  used  solutions  of  sodium  sulphate  ranging  between  1.050 
and  r.070. 

Siegel  has  adopted  a  device  whereby  the  frequent  standardisation 
with  the  Jones- Roy  method  is  obviated.  He  covers  the  surface  of 
his  standard  solutions  with  a  layer  of  olive  oil,  introducing  the  blood 
through  this  by  means  of  a  glass  tube  covered  by  a  rubber  cap. 

In  our  determinations  we  have  used  Hammerschlag's  method. 
The  necessary  apparatus  consists  of  a  urinometer  jar,  a  utinometer, 
a  pipette  of  small  caliber,  a  glass  rod,  some  fine  steel  pens,  a  bottle  of 
chloroform,  one  of  benzol,  and  a  mixture  of  the  two.  The  linger, 
after  being  washed  with  bichloride  and  alcohol,  is  i)unctured.  A 
good    sized   drop  of   blood  is  introduced  into  the  chloioform-benzol 
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mixture.  If  the  drop  sinks  the  mixture  must  be  made  heavier  by 
adding  chloroform.  If  it  rises,  the  mixture  is  too  heavy  and  must  be 
made  lighter  by  adding  benzol. 

It  is  desirable  not  to  divide  the  drop  of  blood  into  several,  but  on 
the  other  hand,  care  must  be  tnken  to  get  the  chloroform  and  benzol 
thoroughly  mixed  by  stiring  with  the  glass  rod.  In  order  to  obtain 
this  end  it  is  better,  when  the  liquid  is  too  heavy,  to  add  an  excess  of 
benzol  and  then  obtain  the  required  density  by  adding  chloroform, 
slowly  and  carefully  until  the  drop  of  blood  floats  indifferently  in  the 
mixture.  When  this  occurs,  the  drop  of  blood  is  of  the  same  specific 
gravity  as  the  mixture,  and  by  determining  that  of  the  mixture  with  a 
urinometer,  we  have  also  determined  that  of  the  blood. 

We  have  found  it  most  convenient  to  obtain  the  blood  from  the 
middle  finger  of  the  left  hand,  making  the  puncture  to  the  side  of  the 
tip  on  the  palmer  surface.  For  this  purpose,  we  have  used  an 
ordinary  sharp-pointed  steel  pen,  with  one  nib  broken  off.  The  pen 
was  sterilised  by  heat  and  a  new  one  used  for  every  test.  The  blood 
was  drawn  up  into  a  pipette  of  fine  caliber,  which  was  introduced  into 
the  middle  of  the  chloroform- benzol  mixture  and  nearly  all  of  the  blood 
gently  blown  out.  We  were  careful,  however,  not  to  blow  all  of  the 
blood  out,  but  to  leave  a  little  in  the  tip  of  the  pipette,  shaking  off  the 
adhering  drop.  In  this  way  the  error  of  mixing  air  with  the  blood 
was  avoided. 

Ziegelroth'  claims  it  is  better  to  obtain  the  blood  from  the  lobe  of 
the  ear,  since  it  is  nearer  the  density  of  the  blood  in  general. 

The  same  chlorofoiin-benzol  mixture  may  be  used  repeatedly,  if 
filtered  after  each  test.  The  urinometer  jar  must  be  scrupulously 
clean;  otherwise  some  fine  particles  of  dust  might  adheie  to  the  drop 
of  blood  and  cause  an  error. 

It  is  also  imperative  to  take  the  reading  as  soon  as  possible  after 
a  satisfactory  mixture  is  obtained;  since  there  is  considerable  danger 
especially  in  a  warm  room  of  error  through  vaporisation  of  the  volatile 
fluid.  Besides  this,  the  globule  of  blood,  after  a  little  time  appears 
to  shrink  and  change  its  shape. 

The  hemoglobinometer  of  Gowers  is  usually  manufactured  with 
but  one  colored  tube  which  is  for  use  with  daylight  only.  There  is 
another  form  in  which  there  are  two  tubes,  one  for  use  with  daylight 
and  the  other  with  artificial  light.  The  one  we  have  employed  is  of 
the  former  kind.  In  making  the  comparison  with  it,  one  must  hold 
the  instrument  against  a  while  background,  opposite  the  source  of 
light,  or  as  recommended  by  Landois,  between  the  eye  and  the  light. 
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In  the  use  of  v.  Fleischl's  hemometer,  artificial  light  is  necessary, 
and  the  test  must  be  made  in  ?.  room  from  which  daylight  is  excluded. 
We  have  for  the  sake  of  convenience  adapted  a  simple  device,  allow- 
ing us  to  carry  our  dark  room  with  us.  A  piece  of  card-board  is  cut 
so  as  to  tit  over  the  top  of  the  canvas  traveling  bag  in  which  we  carry 
our  instruments.  The  hemometer  is  placed  in  one  end  of  the  case, 
and  a  small  lamp  in  the  other.  A  hole  is  cut  in  the  card  board  to 
give  passage  to  the  lamp  chimney.  Another  small  hole  is  cut  so  as 
to  be  directly  over  the  well  of  the  instrument.  At  the  side  of  this  hole, 
a  window,  closed  by  a  card- board  flap,  is  cut,  for  the  introduction  of 
the  hand,  in  order  to  move  the  wedge  of  the  instrument. 

The  specific  gravity  in  health  has  been  differently  given  by  different 
observers. 


Bennett ■055-59  Perrier '.°5i   55 

Perrier 1.056-59  Davy 1,045-56 

Frenn 1.062  Nasse        .    .    •    •    •        .    .  1.055-55 

Davy 1.052-60  Becqurel  and  Rodier  .    .    .  1,054-60 

Nasse '-955-59  Schmidt 1,050 

Becqurel  and  Rodier  ....  1.058-60  Quincke 1,058-60 

Muschenbroeck 1054  Jones (about)  1,055 

Denis '059  Schmaltz 1.056 

Schmidt 1.060  Becker 1,057-56 

Loyd  Jones 1.058  Landois '.057-5S 

Schmaltz '-059 

Becker 1.054-60 

Landois  .  .....  1.056-50 

Hammerschlag  found  the  specific  gravity  of  healthy  males — 
between  the  age  of  20  and  40  to  vary  from  1.057  to  1.625  •''"'^  '" 
females  from  1.053510   1.061. 

In  the  tropics,  the  average  for  normal  adults,  according  to  Glogner, 
is  1053.6,  and  according  to  Eijkman,    1.057.4. 

The  average  specific  gravity  of  the  blood  in  the  newborn  is 
1.060;  for  the  two  to  four  months  old  child  it  is  1057:  for  the  twelve 
months  old  child  it  is  1050;  and  from  the  second  to  tliu  tenth  year  it 
is  1052.      Monti". 

Jones  states  that  venous  blood  is  denser  than  arterial.  .Sheiring- 
ton  and  Copeman  found  almost  no  difference  in  density  between 
venous  and  arterial  blood.  In  passive  congestion,  as  in  a  ligatured 
finger,  they  agree  that  there  is  an  immediate  rise  in  specific  gravity. 
This  rise  vanishes  immediately  upon  the  disappearance  of  the  conges- 
tion.     A    characteristic   property  of  the  blood   is  to   keep  its  specific 

Note.— Bergtold,  W.  H.  (/'////.  Month.  Med  Jour.,  June,  1899),  has  made  a 
valuable  contribution,  concerning  the  perrenlagc  nf  hemogloliin  at  high  allitudcs, 
u.iinj;  I l.»mnicrschU(i;'>  method  tor  determining  the  spi-cific  gravity,  lie  a|>pc'ar> 
to  have  found  lhii>  method  cnlifcly  satisfactory. —  Ai'Tll'iK. 
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gravity  constant.  Thus,  after  drinking  large  amounts  of  fluid,  the 
change  in  specific  gravity  disappears  in  from  one- half  to  one  hour. 
Sherringlon  and  Copeman  found  that  after  injecting  large  quantities 
of  salt  solution  into  the  veins  of  rabbits,  the  specific  gravity  of  the 
blood  returned  to  the  normal  in  a  very  short  time.  It  was  discovered 
by  Hoch  and  Schlesinger  that  a  marked  change  in  the  specific  gravity 
of  the  blood  as  a  whole  might  take  place  without  affecting  that  of  the 
serum.  Therefore  it  appears  that,  usually,  the  principal  factors  in  a 
change  of  specific  gravity  of  the  blood  from  the  normal  are  the  cellular 
constituents. 

According  to  Ziegelroth",  the  specific  gravity  of  the  blood  and  of 
the  body  as  a  whole  are  nearly  the  same;  that  of  the  former  being  on 
the  average,  r.057  and  of  the  latter,  1.055.  The  specific  gravity  of 
the  blood  is  much  more  stable  than  that  of  the  body,  as  a  whole. 
Copious  sweating,  he  found,  had  no  influence  on  the  specific  gravity 
of  the  blood. 

Of  the  solid  constituents  of  the  blood,  in  man,  the  hemoglobin 
constitutes  about  60  per  cent.  (Hoppe-Seyler).  In  females  it  is 
somewhat  less.  This  being  the  case,  variations  in  the  percentage  of 
hemoglobin  must  immediately  affect  the  specific  gravity  of  the  blood. 
Hammerschlag  maintains  that  it  is  therefore  possible  to  determine 
from  the  specific  gravity,  accurately  enough  for  clinical  purposes,  the 
hemoglobin  percentage  for  a  given  sample  of  blood  and  has  formuiated 
the  following  table  of  specific  gravities  with  hemoglobin  equivalents. 

Specific  Gravity.  Hemoglobin,        Specific  Gravity.  Hemoglobin. 

Per  cent.  Per  cent. 

I-033-I-035 25-30  1.048-1.050 55-65 

1.035-1038 30-35  1.050-1.053 65-70 

1.038-1.040       35-40  1. 053-1.055 70-75 

1.040-1.045 40-45  1.055-1.057 75-S5 

1.045-1.048       45-55  1.057-1.060 85-95 

According  to  Hammerschlag,  this  table  holds  best  for  cases  of 
anemia,  including  chlorosis,  tuberculosis  and  malignant  tumors.  But 
in  interstitial  nephritis,  the  specific  gravity  is  relatively  lower  than  the 
hemoglobin.  In  circulatory  disturbances,  even  when  edema  is 
present,  the  specific  gravity  is  generally  normal.  In  lever,  it  is 
relatively  lower  than  the  hemoglobin,  rising  after  the  fall  of  the  fever. 
According  to  Monti'',  a  normal  specific  gravity  occurred  with  a  diminu- 
tion of  hemoglobin  in  chlorosis,  mild  anemia,  heart  lesions  with 
anemia  and  in  tuberculosis  with  evening  temperature;  a  higher 
specific  gravity  and  normal  hemoglobin  in  developing  acute  fevers; 
a  high   specific  gravity  and    diminished     hemoglobin    in   acute  and 
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chronic  diseases,  of  long  duration :  a  lower  specific  gravity  and 
normal  hemoglobin  in  acute  nephritis  with  dropsy;  a  low  specific 
gravity  and  lower  hemoglobin  per  cent,  in  leukemia  and  pernicious 
anemia;  a  low  specific  gravity  and  a  much  lower  hemoglobin  per- 
centage in  severe  anemias  and  chlorosis. 

Out  of  the  100  consecutive  cases  taken  for  comparison  of  the  three 
methods  (v.  Fleischl,  Gowers  and  specific  gravity")  in  our  series  of 
1S95,  the  amount  of  hemoglobin  estimated  from  the  specific  gravity 
and  as  determined  by  the  Fleischl  method  differed  by  less  than  5  per 
cent,  in  24  cases:  between  5  per  cent,  and  10  per  cent,  in  24  cases; 
between  10  per  cent,  and  20  per  cent,  in  26  cases;  and  more  than 
20  per  cent,  in  26  cases.  The  specific  gravity  method  ran  below  the 
Fleischl  in  but  1 5  cases  and  in  5  of  these  less  than  5  per  cent. 
Therefore  the  difference  observed  usually  showed  the  readings  higher 
by  the  specific  gravity  method  than  by  the  Fleischl  instrument. 

In  the  same  cases  the  readings  of  Gowers's  apparatus  differed  by 
less  than  5  per  cent  from  Fleischl's  in  36  cases;  between  5  per  cent, 
and  10  per  cent,  in  21  cases;  between  ro  per  cent,  and  20  per  cent, 
in  33  cases;  and  by  more  than  20  per  cent,  in  ro  cases.  As  a 
general  rule  they  were  higher  than  with  Fleischl's,  but  not  quite  as 
high  as  those  estimated  from  the  specific  gravity.  Comparing  the 
percentage  obtained  from  the  specific  gravity  with  the  Gowers's  read- 
ings, in  ^2  cases  there  was  less  than  5  per  cunt,  difference;  in  3r 
cases  the  difference  was  between  5  per  cent,  and  10  per  cent.:  in  26 
cases  between  10  per  cent,  and  20  per  cent.;  and  more  than  20  per 
cent,  in  10  cases. 

From  the  foregoing  comparison,  it  appears  that  in  approximately 
one- half  of  our  cases  the  hemoglobin  as  determined  from  the  specific 
gravity  corresponded  C|uite  well  with  the  hemoglobin  as  determined  by 
the  Fleischl  hemometer;  that  this  correspondence  was  fair  between 
the  specific-gravity  determinations  and  the  Gowers  determinations  in 
more  than  one- half  of  our  cases;  that  there  was  a  somewhat  closer 
correspondence  between  the  determinations  from  tiie  specific  gravity 
and  the  Gowers  than  there  was  between  the  Gowers  and  Fleischl  instru- 
ments;   that  the  Fleischl  instrument  gave  relatively  lower  readings. 

The  differences  in  the  readings  of  the  three  methods  may  be  due: 
(i)  to  errors  in  the  specific  gravity  method,  (2)  lo  the  inaccuracy  of 
the  table  giving  the  hemoglobin  equivalent  for  the  specific  gravity; 
(3)  to  the  errors  of  the  v.  Fleischl  and  Gowers  instruments. 

We  are  convinced  that  both  v.  Fleischl' sand  Gowers's  instruments, 
particularly    the    latter,  are  liable    lo   err  to    a    considerable  degree. 
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Osier  says  that  the  error  in  the  FleischI  instrument  may  not  be  more 
than  2  per  cent,  in  blood  which  is  nearly  normal,  but  he  cites  Neubert 
and  Letzius  as  having  shown  that  in  a  much  impoverished  blood  the 
error  may  be  as  high  as  20  per  cent.  In  using  two  FleischI  instru- 
ments in  comparison  in  the  same  cases,  we  have  generally  found  a 
difference  in  reading  between  the  two.  In  30  per  cent,  of  these 
comparisons  the  difference  was  as  much  as  10  per  cent.  We  have 
also  found  that  in  about  one- fifth  of  our  cases  we  disagree  in  our 
readings  of  the  same  instrument:  40  per  cent,  of  these  differences 
were  more  than  5  per  cent. 

We  feel  some  hesitancy  in  slating  that  in  consecutive  tests,  made 
with  the  same  FleischI  instrument,  in  the  same  cases,  within  a  few 
minutes,  we  have  found  differences  in  readings  of  as  much  as  ic  per 
cent.  This  occurred  to  us  after  having  used  the  instrument  almost  daily 
for  nearly  a  year,  and  after  having  used  it  many  hundred  times.  Such 
errors  can  only  be  explained  by  acknowledging  inaccuracy  in  technic, 
but  a  method  so  easily  liable  to  such  serious  errors  could  hardly  be 
relied  upon  for  more  precise  results  in  the  hurry  of  ordinary  clinical 
work. 

In  the  same  series  of  consecutive  tests,  the  specific  gravity  and  the 
hemoglobin  percentage  as  determined  by  it,  varied  to  an  insignificant 
degree.  The  hemoglobin  percentages,  as  determined  by  Gowers's 
instrument,  in  some  of  the  tests,  varied  as  much  as  10  per 
cent.  In  our  experience  with  the  Gowers  instrument,  we  have  found 
it  very  unsatisfactory.  It  is  often  quite  impossible  to  get  the  tint 
of  the  diluted  blood  to  correspond  with  that  of  the  standard  i  per 
cent,  solution.  Even  when  this  is  attained,  a  difference  in  shade  may 
be  produced  by  looking  at  the  instrument  somewhat  from  the  side 
instead  of  from  straight  in  front,  by  holding  the  paper  for  reflection 
farther  away  from  or  nearer  the  instrument,  by  holding  the  instru- 
ment between  the  eye  and  the  window,  or  by  moving  farther  away 
from  the  window.  In  the  last  case,  in  a  number  of  instances, 
the  readings  obtained  by  moving  20  feet  away  from  the  window 
became  as  much  as  15  per  cent,  higher.  Therefore  it  would  seem 
that  on  a  cloudy  day  readings  would  be  higher  than  on  a  bright  day. 
The  differences  in  readings  between  holding  the  instrument  against  a 
white  background  and  holding  it  directly  between  the  eye  and  the 
light  were  as  much  as  10  per  cent.' 

As  may  be  seen  from  the  foregoing  comparisons  and  the  observa- 
tions of  others  the  FleischI  instrument  is  not  entirely  reliable;    there- 

I.     See  Limbeck,  pp.  18,  19,  for  analogous  obsenations. 
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fore  Hammerschlag's  table,  which  is  based  upon  this  instrument, 
must  be  inaccurate.  Takmg.all  these  conditions  into  consideration, 
there  appears  to  be  quite  a  constant  correspondence  between  the 
specific  gravity  and  the  percentage  of  hemoglobin,  and  we  think  that, 
with  a  table  based  upon  a  much  larger  number  of  cases  and  a  more 
reliable  estimation  of  the  amount  of  hemoglobin,  this  method  would 
be  as  accurate  for  clinical  purposes  as  the  methods  now  in  vogue,  and 
possibly  more  so. 

Cora  Lichty.  PhilaiUlpliia  Mai.  jour.^  1S9S,    ii.,    2,^2-44,    gives 
the  following  table  of  specific  gravity  and  hemoglobin  equivalents. 


Spediic  Gra^-iiy. 
Hammerschlag's 

Hemoglobin 

Specific  Gra\ntv. 

Hemoglobin 

Per  ceni. 

H  ammerschlag^s 

Per  cent. 

Method. 

V.  Fleischl? 

Method. 

V.  Fleischl  ? 

'035-38 2S-30  52-S4 65-70 

38-43 30-40  54-56      70-75 

43-45 40-45  56-60 75-S5 

45-47  ■       45-50  60-63 85-95 

47-49 50-55  63-65 9S-«oo 

49-52 55-65 

Varrow  and  Hitchens""  have  formulated  the  following  table,  using 
standard  solutions  of  hemoglobin  for  comparison: 

Specific  Hemoglobin        Specific  Hemoglobin 

Gravily.  Per  cent.  Gni\-ity.  Per  cent. 

1030 20      105  I 65 

'O35 30      1052 70 

•04" 40      1053.5 75 

1042.5 45      1056   80 

1045.5 50     1057-5 90 

1048 55     1059 100 

1049  .     60 

They  also  strongly  recommend  because  of  its  accuracy  Oliver's 
tintometer  for  determining  the  hemoglobin. 

In  the  following  table  we  have  recorded  a  new  series  of  cases. 
All  of  these  with  the  exception  of  21.  which  were  kindly  placed  at  our 
disposal  by  Dr.  Albert  E.  Woehnert,  were  made  at  the  Erie  County 
Hospital,  and  we  are  indebted  to  Dr.  C.  R.  Orr  for  a  portion  of 
these  records. 

In  the  thirty-one  records  of  persons  in  apparent  health,  the  greatest 
difference  be^lween  the  hemoglobin  by  the  v.  Fleischl  instrument  and 
that  estimated  from  the  specific  gravity  was  19  per  cent.  The  dis- 
crepancy in  this  case  was  probably  due  to  error  in  the  v.  Fleischl  read- 
ing, since  the  estimated  hemoglobin  corresponded  very  closely  to  the 
number  of  red  corpuscles. 
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In  eleven  cases  there  was  practically  no  difference  between  the 
estimated  and  determined  hemoglobin.  In  fifteen  of  the  lemaining 
thirty-one  cases  the  difference  was  less  than  lo  per  cent.  In  the 
simple  anemias  the  correspondence  between  the  two  was,  as  a  rule, 
very  close.  One  case,  however,  showed  a  difference  of  15  per  cent., 
the  determined  hemoglobin  being  higher  than  that  indicated  by  the 
specific  gravity. 

The  correspondence  in  the  pernicious  anemia,  as  well  as  in  the 
chlorosis  cases,  was  close.  The  carcinomas  and  sarcomas  showed  no 
characteristic  difference  between  the  estimated  and  the  v.  Fleischl 
hemoglobin.  The  three  stages  of  syphilis  showed  a  somewhat  higher 
specific  gravity  than  the  percentage  of  hemoglobin  (v.  Fleischl)  would 
indicate.  In  the  case  of  pulmonary  tuberculosis  with  afternoon 
temperature,  the  hemoglobin  percentage  (v.  Fleischl)  was  lower  than 
that  estimated  from  the  specific  gravity.  In  the  nephritis  cases,  the 
difference  was  slight.  In  three  cases  of  circulatory  disturbance,  the 
hemoglobin  percent,  was  much  lower  than  that  indicated  by  the  specific 
gravity  and  in  four  cases  there  was  practically  no  difference.  In  the 
pregnancy  records,  the  hemoglobin  was  slightly  less  than  would  be 
indicated  by  the  specific  gravity.  In  the  cases  of  epilepsy,  the 
specific  gravity  estimated  hemoglobin  was  higher  than  that  shown  by 
the  hemometer.  In  appendicitis,  the  estimated  hemoglobin  was 
lower  than  that  determined  by  the  hemometer ;  in  one  case  slightly 
higher.      In  the  remaining  cases  there  was  no  characteristic  difference. 
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M     Pulmonan- tuberculosis ,     Purulent  sputum. 


General  tuberculosis. 
Pulmonar>'  tuberculosis. 

(  Nephritis,  chronic  inter- 
1      stitial. 


J.  J     (  Chronic  parenchymatous  I 

)     nephritis.  I 

F  "  ..I 

M  I  Cardiac  asthma. 
*'      Valvular  disease. 


Dilatation  heart. 
Aortic  insufficiency,  con- 
^'alescent  pleurisy  with 
effusion  and  pericardi- 

i.     tis. 

Aortic  insufficiency  .malaria 

Valvular  lesion. 

Pregnancy.  1 


'*      Post  partum  hemorrljage. 
M      Enteric  fever. 


Epilepsy. 


.Appendicitis. 


Neurasthenia. 


Senilit\-. 


2d  infection  after  operation.    Inguinal  hernia. 
"  "  "         I  Femoral  hernia. 

Empyema.  j 


(  Chronic  suppurative  mas- 

I      litis. 

1  Septic  thrombosis,  vein 

I      right  leg. 

t  Myocitis    (suppurative), 

t      axilla. 

Chronic  diarrhea. 

Addison's  disease. 

Melancholia. 

Multiple  sclerosis. 

Lobar  pneumonia. 

Hodgkin's  disease. 

Rheumatism  (chronic). 

Gangrene  of  feet. 

Microcephalus. 
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A  fair  idea  of  the  relation  of  the  spetific  gravity  to  the  percentage 
of^hemoglobin  in  the  blood  is  given  in  Menicanti's  conclusions  and  in 
those  of  Dieaballa. 

Menicanli'-'  says:  "In  health  there  is  a  ceitain  constant  relation 
between  the  specific  gravity  of  the  blood  and  its  percentage  of  hemo- 
globin, with  very  small  and  varying  individual  diflferences.  The 
same  holds  good  in  chlorosis,  in  ordinary  anemias  and  other  diseases. 
In  pregnancy  and  often  in  heart  disease,  the  relation  varies,  so 
that  the  same  percentage  of  hemoglobin  denotes  a  lower  specific 
gravity." 

Dieaballa"  concludes: 

1.  The  specific  gravity  of  the  blood 'depends,  in  the  first  place, 
upon  its  hemoglobin  contents,  but  with  the  same  quantity  of  hemo- 
globin differences  as  high  as  13.5  per  mille  specific  gravity  may 
occur. 

2.  10  per  cent,  hcriioglobin  (according  to  v.  Fleischl)  denote  a 
specific  gravity  of  4.46  (.iccurding  to  Hammerschlag.) 

3.  With  the  same  percentage  of  hemoglobin,  both  under  physio- 
logical and  pathological  conditions,  in  women  the  specific  gravity  is 
from  2  to  2.5  lower  than  in  men. 

4.  The  specific  gravity  varies  within  wider  limits  in  blood  that  is 
rich  in  hemoglobin,  than  in  blood  that  is  poor  in  hemoglobin. 

5.  In  nephritis,  owing  to  the  hydremia  of  the  plasma,  the 
specific  gravity  is  from  4  to  5  per  mille  lower  than  in  blood  of  the 
same  hemoglobin  percentage  and  number  of  corpuscles  in  secondary 
anemia. 

6.  In  leukemia  the  specific  gravity  is  higher  than  would  be 
excepted  from  the  percentage  of  hemoglobin.  This  difference  appears 
to  be  in  proportion  to  the  greater  number  of  leucocytes. 

7.  In  chlorosis,  the  specific  gravity  is  about  2.5  per  mille  higher 
than  in  secondary  anemia.  This  difference  rapidly  disappears  during 
blood  regeneration. 

8.  In  those  forms  of  pernicious  anemia,  where  the  nuinhcr  of 
red  blood  corpuscles  is  appreciably  diminished  in  relation  to  the 
hemaglobin.  the  specific  gravity  is  about  2  per  mille  lower  than  in 
secondary  anemia.      During  blood  regeneration  this  disappears. 

9.  The  number  of  red  corpuscles  in  the  blood  may  have  a  posi- 
tive influence  upon  the  specific  gravity,  independently  of  the  hemo- 
globin, since  with  the  same  percentage  of  hemoglobin  differences 
in  specific  gravity  of  4  to  1;  per  mille  may  be  produced  fmni  this 
cause. 
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Our  conclusions  may  be  briefly  summarised  as  follows: 

1.  In  most  cases  the  specific  gravity  and  the  percentage  of 
hemaglobin  of  the  blood  present  such  a  close  relation  to  one  another 
that  the  latter  may  be  predicted  from  the  former  with  sufficient 
accuracy  for  clinical  purposes. 

2.  Both  V.  FleischFs  and  Gowers's  instruments  are  liable  to  an 
error  of  lo  per  cent,  or  more. 

3.  There  is  liable  to  be  very  slight  if  any  error  in  the  determina- 
tion of  the  specific  gravity  by  Hammerschlag's  method. 
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PLASMA-CELLS  AND  MAST-CELLS. 
By  Herbert  U.  Williams,  M.D., 
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The  two  classes  of  cells  which  are  the  subject  of  this  paper  have  been 
studied  with  much  care  during  the  past  few  years  and  by  numerous  ob- 
servers. It  is  hoped  that  a  summary  of  the  facts  they  have  recorded 
will  be  considered  timely.  The  significance  and  functions  of  these  cells 
are  still  problematical  for  the  most  part.  However,  we  may  be  quite 
certain  that  they  have  important  work  to  do,  and  we  may  confidently 
expect  to  have  much  light  upon  them  in  the  near  future. 

Plasma-cells. 

In  1891  Unna'"  described  the  elements  which  he  called  "  plasma- 
cells,"  believing  them  to  be  the  same  as  certain  granular  connective 
tissue  cells,  to  which  Waldeyer  had  previously  given  this  name.  Later 
studies  indicated  that  the  two  were  not  identical,  and  Waldeyer"  ad- 
vised the  restriction  of  the  terra  "  plasma-cell  "  to  that  of  Unna,  finding 
that  the  structures  named  by  himself  (Waldeyer)  corresponded,  at  least 
in  large  part,  with  the  "  mast-cells  "  of  Ehrlich,  which  will  be  considered 
below. 

Morphology.  The  plasma-cells  of  Unna  are  peculiar  in  having  pro- 
toplasm that  is  stained  by  basic  aniline  dyes.  With  Unna's  polychrome 
methylene-blue  (described  hereafter)  the  plasma- cells  are  stained  blue- 
violet,  while  their  nuclei  are  blue,  according  to  most  writers.  The  outer 
part  of  the  protoplasm  stains  more  deeply  than  the  inner  part,  leaving 
a  pale  zone  around  the  nucleus.  Unna  first  described  the  plasma-cell 
as  containing  numerous  stained  granules  in  its  protoplasm.  Such  gran- 
ules have  not  been  seen  by  most  other  observers.  It  is  not  uncommon, 
however,  to  find  plasma-cells  whose  protoplasm  is  not  homogeneous,  but 
which  contain  small  clumps  and  particles  that  stain  somewhat  unequally 
and  irregularly."  The  nucleus  is  round  or  oval,  and  is  usually  placed 
eccentrically.  Five  to  eight  deeply  stained  masses  of  chromatin  are 
arranged  chiefly  about  the  border  of  the  nucleus.  Some  observers  have 
described  a  nucleolus.  The  appearance  of  the  nucleus  depends  much  on 
the  manner  of  staining  and  decolorizing.     Two  or  more  nuclei  are  occa- 
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sionally  present.  In  size  the  plasma-cells  vary  from  being  of  the  dimen- 
sions of  leucocytes  to  much  larger — average  diameter  G-T/j  x  8-10  /i." 
In  shape  they  are  round,  oval,  roughly  cubical  or  elongated,  according 
to  whether  or  not  they  are  limited  by  connective  tissue  fibres  or  the 
pressure  of  other  cells.  Krompecher's"  illustrations  of  the  different 
forms  of  plasma-cells  are  excellent.  The  above  description  of  the 
plasma-cell  differs  somewhat  from  Unna's  and  follows  that  of  v.  Jlar- 
schalku^  and  others  who  have  written  on  this  subject  more  recently. 
Undoubted  indirect  cell-division  seems  to  have  been  observed  only  by 
Councilman"  and  Mallory,"  but  amitotic  division  has  often  been  men- 
tioned." Degenerative  changes  in  plasma-cells  have  been  described  by 
a  number  of  observers."  " ' 

Cells  whose  protoplasm  may  be  stained,  but  which  differ  from  plasma- 
cells  more  or  less  in  other  respects — "  pseudoplasnia-cells  " — have  been 
described.""     Their  significance  is  at  present  not  clear. 

Occurrence.  Although  they  were  supposed  at  first  to  belong  only 
to  pathological  conditions,  plasma-cells  have  been  reported  as  occurring 
in  lymj)h-uode8,  in  the  lymphoid  tissues  of  the  spleen,  and  in  the  bone- 
marrow,  both  in  man  and  the  lower  animals,'*  in  ligaments,**  in  the 
framework  of  mucous  glands  of  the  tongue,"  and  especially  in  large 
numbers  in  the  mucosa  of  the  stomach  and  intestine  in  man.'  In- 
formation as  to  their  frequency  and  distribution  in  normal  tissues  is 
not  very  full.  On  the  other  hand,  much  has  been  written  concerning 
their  occurrence  in  diseased  conditions,  and  a  mere  enumeration  of 
these  conditions  would  require  several  pages.  A  description  of  the 
pathological  histology  of  any  lesion  can  hardly  be  considered  complete 
now  which  does  not  take  account  of  the  plasma-cells,  if  they  are  present. 

Unna's  first  accounts  of  plasma-cells  were  based  on  sections  of  lujius. 
He  early  directed  attention  to  tumor-like  collections  of  these  cells;  such 
a  collection  he  called  a  "  plasmoma."  It  has  appeared  since  that  plasma- 
cells  are  abuiulant  in  the  le.sions  of  tuberculosis,  wherever  situated,  in 
those  of  syphilis,  leprosy,  actinomycosis,  and  rhiuoscleroma" — ('.  c,  the 
so-called  "  infectious  granuloraata."  They  are  also  frequently  seen  in 
large  number.>i  in  the  stroma  of  carcinoma.  In  the  main  they  are  most 
characteristic  of  rather  chronic  processed),  where  they  constitute  an  im- 
portant part  of  what  is  usually  termed  round-cell  infiltration.  In  acute 
inflammatory  conditions,  ami  especially  in  acute  8up|mralion,  they 
appear  in  snuiller  numbers,  or  are  ab.ieut.'"  JUit  v.  Mar.xchalkiV  and 
Joannovica"  were  able  to  demonstrate  plasnui-cells  in  acute  inflammatory 
lesions  artificially  produced  in  animals.  .Tusti'"  found  them  in  recent 
granulating  woumls  in  man  and  the  dog.  Mallory^''  found  them  in  the 
lesionH  of  typhoid  fever  in  tiie  intestines,  8|)leen,  lymph-nodes,  etc.  Ac- 
coniing  to  C-ouncilman,"  plaHma-celis  constitute  the  bulk  of  the  cell- 
infiltration  in  acute  interstitial  nephritis. 
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The  study  of  the  plasma-cells  in  the  diseases  of  the  skin  has  beea 
carried  ou  by  Unua  with  great  energy,  and  for  the  results  of  his  work 
his  Jlistopathology  of  the  Skin^'  may  be  consulted. 

Origin,  Significance,  and  Function.  Concerning  the  origin  of 
the  plasma-cells,  Unna''  maintained  that  they  were  derived  from  con- 
nective tissue  cells,  stating  that  he  was  able  to  detect  all  the  necessary 
transitional  forms  between  the  two.  Most  observers,  however,  believe 
that  the  plasma-cells  are  derived  from  the  lymphocytes,  chiefly  the  small 
mononuclear  variety.""""*'^""*  Possibly  a  few  originate  from  poly- 
nuclear  leucocytes.'"  "  Furthermore,  it  is  claimed  that  the  plasma-cells 
may  become  changed  to  connective  tissue  cells,  and  thus  aid  in  the  forma- 
tion of  fibrous  tissue.^"'™ '^  This  latter  hypothesis  would  make  the  pro- 
duction of  connective-tissue  cells  from  lymphocytes  possible  under  certain 
circumstances,  the  plasma-cells  being  an  intermediate  form.  It  would 
modify  existing  ideas  very  considerably,  and  convincing  proofs  will  be 
demanded  before  it  can  be  accepted.  It  rests  in  part  upon  the  same 
evidence  as  the  theory  of  Unna  above  mentioned,  namely,  the  existence 
of  what  appear  to  be  transitional  forms  between  plasma-cells  and  cim- 
nective  tissue  cells.  For  a  full  discussion  of  this  question,  see  the  papers 
of  Krompecher"  and  v.  Marsehalko."' 

Joannovics"  takes  a  middle  ground,  believing  that  part  of  the  plasma- 
cells  come  from  lymphocytes  and  part  from  connective-tissue  cells ;  the 
latter  may  become  connective  tissue  cells  again,  while  the  former  undergo 
degenerations  of  various  sorts.  It  is  not  claimed  by  anyone,  I  believe, 
that  all  or  most  plasma-cells  are  destined  to  become  connective  tissue  cells. 
The  function  or  significance  of  these  bodies  is,  therefore,  at  present  un- 
certain. It  is  to  be  noted  that  they  are  not  distinctive  of  any  particular 
disease  or  class  of  diseases.  Their  absence  from  acute  suppuration  is 
remarkable.  According  to  Councilman"  and  Mallory"  they  have  amie- 
boid  properties;  they  may  occur  inside  the  bloodvessels,  and  may  emi- 
grate from  the  vessels  by  amoeboid  movement.  Howard'"  states  that  he 
has  demonstrated  that  plasma-cells  may  become  transformed  into  typical 
eosinophiles,  basing  his  opinion  chiefly  upon  his  studies  of  a  case  of 
trichinosis. 

If  the  derivation  of  plasma-cells  from  lymphocytes  be  accepted,  we 
shall  have  another  clue  to  the  origin  of  the  cells  in  inflammatory  exu- 
dates. Unna  regarded  the  plasma-cells  as  being  the  expression  of  a 
degenerative  change,  whereas  v.  Marschalku''  considered  them  as  evi- 
dence of  progressive  activity  in  the  protection  of  the  organism.  Justi" 
thought  it  likely  that  they  serve  to  eliminate  some  unknown  substance 
by  way  of  the  lymphatics.  Joannovics"  suggested  that  their  staining 
properties  may  be  due  to  their  having  taken  up  chromatin  from  other 
and  degenerated  cells. 
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Mastvcells. 

The  term  "  mast-cells  "  was  applied  b}'  Ehrlich'"  to  large  cells  occur- 
ring in  connective  tissues,  the  protoplasm  of  which  contained  good-sized 
granules  with  marked  affinity  for  basic  aniline  dyes  (basophile  granules, 
>  granules  of  Ehrlich).  The  name  was  considered  appropriate  because 
these  cells  occurred  abundantly  in  conditions  of  congestion  and  chronic 
inflammation,  and  under  other  circumstances  where  he  supposed  nutri- 
tion to  be  heightened.  It  has  already  been  stated  that  the  plasmacell 
of  Waldeyer  corresponds  in  the  main  with  the  mast-cell  of  Ehrlich.  In 
size  the  mast-cells  varj-  from  that  of  a  large  leucocyte  to  many  times 
those  dimensions.  They  may  be  rounded,  or  they  may  present  extremely 
irregular  figures,  which  are  determined  apparently  by  the  cavities  of 
the  tissue  which  they  occupy.  Forms  shaped  like  an  hour-glass  or  with 
several  long,  sinuous  processes  are  common ;  they  remind  the  observer 
of  the  outlines  of  a  moving  anio?ba.  Their  occasional  occurrence  in  the 
epithelial  layers  of  the  skin  can  hardly  be  explained  except  by  suppos- 
ing that  they  have  the  power  of  araa>boid  movement.^'  There  is  a  rela- 
tively small,  round  nucleus,  somewhere  near  the  middle  of  the  cell, 
which  is  usually  in  part,  and  sometimes  wholly,  obscured  by  the  gran- 
ules. Karyokinesis  seems  not  to  have  been  observed."  The  granules 
are  the  most  striking  characteristic,  as  they  are  usually  good-sized,  stain 
rapidly  and  intensely  with  the  basic  aniline  dyes,  and  are  decolorized 
with  difficulty.  They  may  be  stained  by  Gram's  method,  and  when 
they  are  large)  as  they  are  usually  quite  uniform  in  size,  they  may  easily 
be  mistaken  for  micrococci.  The  granules  will  sometimes  retain  the  dye 
when  the  ordinary  methods  for  staining  the  tubercle  bacillus  are  used. 
Furthermore,  the  granules  exhibit  with  stains  the  phenomenon  of  meta- 
chromism — i.  e.,  of  presenting  a  shade  of  color  more  or  less  diflerent 
from  that  which  the  dye  imparts  to  the  nuclei  of  the  mast-cells  and  of 
the  other  elements  of  the  tissue.  The  metachromism  is  most  marked 
with  thionin  and  toluidin-blue.  These  dyes  stain  tlie  nuclei  of  cells  of 
all  sorts  of  blue,  while  the  granules  of  the  nuist-cells  are  violet  to  red. 
The  metachromism  is  reported  to  be  very  marked  with  kresyl-violet  K." 
The  granules  of  the  mast-cells  are  said  by  some  to  have  a  certain  amount 
of  affinity  for  acid  dyes.* '  Granular  mast-cells  are  sometimes  seen  which 
are  surrounded  by  a  stained  halo  nf  the  same  color  as  the  granules;"  " "° 
also  free  granules  in  the  vicinity  of  mast-cells,  and  mast  cells  with  ])ro- 
toplasm  that  stains  as  well  as  the  graiuilcs. 

The  nature  of  these  granule*  is  undetermined.  Iloyer"  tentatively 
revived  an  earlier  theory  of  Raudnitz,  to  the  effect  that  the  granules 
consisted  of  mucin.  After  an  exhaustive  study  of  the  sinining  proper- 
ties of  mucin,  he  found  thai  the  melachromism  shown  by  tiiucin  and  liy 
the   granules    of  mast-cells   after   thionin    staining   wa.s    very    similar. 
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Unna'"^'  appears  to  regard  this  view  with  favor;  it  has  recently  beeu 
advocated  by  Harris".  It  is  to  be  noted  that  mucin  is  extremely  capri- 
cious in  exhibiting  metachromism,  and  that  the  products  of  amyloid 
and  other  degenerations  also  show  varying  degrees  of  metachromism. 

Basophilic  granules  may  occur  in  blood-cells  which  are  not  mast- 
cells,  as  in  the  lymphocytes  of  normal  blood  after  prol'inged  staining," 
and  the  perinuclear  basophilic  granules  described  by  Neusser."  Accord- 
ing to  Litten,^"  basophilic  granules  occur  sometimes  in  the  red  blood- 
corpuscles  in  cases  of  auremia ;  they  differ  from  the  granules  of  the 
mast-cells  in  not  being  metachromatic. 

OccuREENCE.  Unlike  plasma-cells,  the  mast-cells  are  very  widely 
distributed  in  normal  tissues.  They  have  been  observed  in  many  dif- 
ferent vertebrates,  from  the  frog  to  man.  According  to  Ehrlich,'"  the 
mast-cells  are  likely  to  be  found  just  under  epithelial  surfaces,  and 
immediately  about  the  bloodvessels.  They  appear  in  the  blood  of  the 
frog,  and  are  abundant  in  the  frog's  tongue.  In  those  animals  in  which 
mast-cells  occur  at  all  they  are  likely  to  be  especially  numerous  in  the 
tongue,  as  in  the  case  of  the  bat ;  in  the  striped  muscles  generally  they 
are  not  numerous,  nor  are  they  particularly  so  in  the  heart.'"  The  rabbit, 
hare,  and  guinea-pig  are  remarkable  for  the  small  number  of  mast-cells 
in  their  tissues.'" 

In  man  the  mast  cells  occur  at  all  ])eriods  of  life,""  even  in  the  new- 
born.^ While  they  are  comparatively  uncommon  in  early  infancy,  they 
are  always  more  or  less  numerous  in  the  adult.  In  normal  blood  they 
are  present  in  very  small  numbers  and  are  probably  derived  from  bone- 
marrow."  They  constitute  part  of  the  cells  of  bone-marrow.  They 
occur  between  the  fibres  of  uterine  muscle"  and  of  the  muscle  of  the 
intestine.  They  are  usually  to  be  found  in  the  mucous  membranes, 
where  they  are  often  numerous.  They  always  occur  in  the  skin,  fre- 
quently in  abundance.  They  are  seen  in  the  tissues  of  the  normal 
resting  mammary  gland,"  also  in  the  active  mamma,  and,  according  to 
Unger,™  are  important  in  the  transportation  of  fat  in  the  mamma.  They 
occur  in  the  testicle,  except  in  infants  under  about  four  months  of  age."* 
In  pathological  conditions  they  exhibit  a  certain  amount  of  parallelism 
with  plasma-cells  in  the  manner  of  their  occurrence.  They  are  not 
characteristic  of  acute  inflamination,  especially  not  of  acute  suppura- 
tion.'^" However,  Neisser"  saw  a  case  of  gonorrhoja  in  which  the  pus 
consisted  only  of  mast-cells.  Also,  according  to  Coen,'  they  appear  in 
the  skin  in  increased  numbers,  as  the  result  of  the  application  of  strong 
solutions  of  iodine.  They  are  often  numerous  about  the  lesions  of 
chronic  infectious  processes,  such  as  tuberculosis,  but  not  necessarily; 
and  they  are  by  no  means  as  characteristic  of  them  as  are  plasma-cells. 
They  are  frequently  abundant  in  the  strcmia  of  carcinoma,  especially  of 
the  breast  and  skin  where  the  fibrous  tissue  is  plentiful.     They  are 
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generally  numerous  in  uterine  fibromyomata"  and  in  neurofibromata," 
and  in  processes  where  cicatricial  fibrous  tissue  is  forming,  as  cica- 
trizing gastric  ulcer.  They  are  usually  abundant  in  the  mucous  mem- 
branes of  chronic  catarrhs,  and  in  the  lung  of  cyanotic  induration." 
According  to  Ehrlich,"'  stagnation  of  the  lymph-stream  favors  their  ac- 
cumulation, as  in  elephantiasis.  Cells  with  basophilic  granules  occur  in 
normal  blood  in  very  small  numbers,  and  are  usually  supposed  to  be 
the  same  as  mast-cells ;  in  leukieniic  blood  they  are  not  rare,  but  their 
significance  in  leukiemia  is  not  known."'  "•'  They  are  constantly  aud 
greatly  increased  in  myelogenic  leukaemia." 

Origin,  Signmficaxce,  and  Functions.  It  has  been  suggested  that 
mast-cells  are  wandering  cells  that  have  taken  up  disintegrating  masses 
of  chromatin ;'  that  they  have  some  relation  with  pigmentation,  espe- 
cially in  the  skin  (Phillipson,  cited  by  Biiumer)  ;"  that  they  perform  an 
eliminative  function  in  intlamniation  (Metschnikoff,  cited  by  Biiumer)  ;' 
also,  that  they  may  be  formed  by  a  metamorphosis  of  unstriped  muscle- 
cells."'  It  is  noticeable  that  the  mast-cells  seldom  collect  together  in 
large  masses,  as  plasma-cells  often  do.  According  to  Uuna,"  urticaria 
pigmentosa  forms  a  striking  exception  to  the  usual  condition,  as  its 
lesions  contain  accumulations  of  mast-cells.  This  observation  has  been 
confirmed  by  others,  including  Biiumer,'  who  secured  a  somewhat  similar 
condition  by  the  repeated  action  of  urtica  urens  on  his  own  skin. 
Biiumer  believed  that  the  mast-cells  originate  from  the  connective  tissue 
cells  in  the  adventitia  of  the  bloodvessels;  these  connective  tissue  cells 
showed  numerous  karyokinetic  figures. 

Concerning  the  significance  and  functions  of  mast-cells  we  are  almost 
wholly  in  the  dark.  The  staining  properties  of  the  granules  are  usually 
supposed  to  depend  on  peculiarities  in  their  chemical  composition. 
Ehrlich  and  Lazarus"  regard  them  as  a  variety  of  granular  leucocytes; 
according  to  Ehrlich's  theory,  the  granules  are  products  of  the  specific 
aclivitie.-*  of  these  cells,  resembling  a  secretion  ;  each  kind  of  leucocyte 
contains  only  one  kind  of  granule  ;  it  is  probable  that  the  granules  of 
the  wandering  cells  are  destined  to  be  given  off  into  the  surrounding 
structures.  From  a  recent  article  of  Arnold,'  it  appears  that  ho  dmibts 
whether  all  the  cell  granules  are  secretory  in  nature. 

TwilNUiUE. 

The  fixation  of  the  tissues  may  he  accomplished  in  alcohol,"  corro- 
sive sublimate,"  or  Zenker's  fluid.*  Miiller's  fluid  is  apparently  not 
applicable.  The  plasma  colls  are  shown  well  after  fixation  in  4  per  cent, 
formaldehyde,  or  in  Miillcr-formol,  but  the  staining  of  the  granules  of 
the  ma^t-cells  is  nK)difieil  as  mentioned  below. 

Unna"  explains  the  mcfachromisrn  shown  by  the  mast-cell  granules 
and  other  bodies  by  supposing  that  solutions  of  the  aniline  dyes  contain 
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small  quantities  of  other  dyes  as  impurities.  His  alkaline  methylene- 
blue,  or  "  polychrome  methylene-blue,"  is  an  extreme  example,  and  he 
states  that  it  contains  methylene-violet  and  methylene-red  in  addition 
to  methylene-blue. 

Unna^^  has  given  several  formulas  for  making  polychrome  methylene- 
blue,  of  which  the  following  will  be  found  satisfactory  ;  it  must  stand 
several  weeks  to  mouths  before  using  : 

Methylene-blue 1 

Potassium  carbonate 1 

Distilled  water 100 

Sodium  or  ammonium  carbonate  may  be  used  instead  of  potassium 
carbonate.  To  obtain  the  best  results  the  specimens  should  be  over- 
stained,  the  excess  of  color  being  removed  with  some  decolorizing  agent. 

Stain  in  the  methylene-blue  solution,  which  may  or  may  not  be  diluted, 
fifteen  minutes  or  longer. 

Rinse  in  distilled  water. 

Decolorize  in  water  to  which  a  few  drops  of  "  glycerin  ether  "  have 
been  added,  for  a  quarter  of  a  minute,  or  for  several  minutes,  as  required, 
to  show  beginning  diflerentiation  of  the  structure. 

Complete  the  decolorization  with  alcohol. 

Clear  in  oil  of  bergamot  or  xylol. 

One-half  to  one  per  cent,  acetic  acid  solution  appears  to  serve  as  well 
as  glycerin-ether,  and  alcohol  alone  nearly  as  well. 

By  the  above  staining  process  the  plasma-cells  are  stained  a  blue- 
violet,  their  nuclei  and  other  nuclei  blue,  the  granules  of  mast-cells  red. 
Epithelial  cells  take  the  blue  stain,  sometimes  intensely,  especially  the 
horny  layers  of  the  epidermis  ;  giant-cells  are  frequently  stained  as  well  ; 
also,  the  products  of  various  degenerations,  as  amyloid  and  mucoid,  which 
may  show  varying  degrees  of  metachromism."  The  development  of  a 
red  color  in  the  granules  of  the  mast-cells  is  favored  by  extreme  decol- 
orization. 

Nearly  identical  results,  including  the  red  color  of  the  granules  of  the 
mast-cells,  may  be  secured  by  employing  watery  solutions  of  thionin'' 
or  toluidin-blue,  decolorizing  with  alcohol,  or  an  acid  followed  by  alco- 
hol.^'^  The  plasma-cells  often  stain  fairly  well  with  ordinary  methylene- 
blue  solutions,  and  sometimes  even  with  the  other  basic  dyes.  With 
basic  dyes  other  than  thionin,  toluidin-blue,  and  polychrome  methylene- 
blue,  the  granules  of  the  mast-cells  are  well  stained,  but  they  are  less 
easily  distinguished,  because  the  metachromism  is  much  less  pronounced. 
The  mast-cell  granules  sometimes  stain  well  with  hcematoxylin,  but  it 
is  not  clear  under  what  conditions  this  occurs. 

The  writer  has  found  that  after  fixation  with  formaldehyde  or  Miiller- 
formol  the  mast-cell  granules,  after  staining  with  polychrome  methylene- 
blue,  thionin  or  toluidin-blue,  are  colored  blue  or  violet  and  not  red,  as 
occurs  after  alcohol  or  sublimate  fixation,  using  two  pieces  of  the  same 
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tissue,  one  fixed  with  alcohol,  the  other  with  formaldehyde,  stained  iu 
the  same  solution ;  the  granules  of  the  mast-cells  will  be  much  redder 
in  the  specimen  fixed  by  alcohol.  This  diflerence  is  most  obvious  after 
prolonged  tixaiion  and  with  frozen  sections.  It  is  more  or  less  modified 
by  paraffin  orcelloidiu  embedding,  although  the  difl'ereuces  in  color  usu- 
ally remain  quite  distinct  after  embedding.  It  appears  eijually  well  after 
decolorization  with  alcohol,  acetic  acid,  an<l  glycerin-ether,  provided  the 
decolorization  is  prolonged  sufficiently.  This  work  will  be  described  in 
detail  elsewhere. 

In  staining  cover-glass  preparations  of  blood,  it  is  to  be  remembered 
that  the  granules  of  the  mast-cells  are  not  stained  by  the  Ehrlich  tri- 
color" mixture,  although  they  may  be  stained  by  the  simple  basic  dyes, 
such  as  methyleue-blue. 
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THE  PATHOLOGY  AND  ETIOLOGY  OF  FAT-NECROSIS. 


Tins  report  is  founded  chiefly  upon  papers  which  have 
already  appeared  in  journals,  and  which  will  be  referred  to  in 
the  text.  It  is  hoped  that  it  will  be  useful  to  those  who  are 
interested  in  the  subject  to  have  these  observations  presented 
together  and  in  a  connected  form.  Some  new  facts  and 
accounts  of  further  experiments  have  also  been  added.  No 
attempt  has  been  made  to  review  the  whole  of  the  very  vol- 
uminous literature  of  fat-necrosis.  In  the  papers  of  Fitz/ 
Korte,-"  Nimier,-'  Katz  and  Winkler,'"  and  Warthin,^''  the 
bibliography  has  been  given  in  detail. 

In  beginning,  three  cases  of  disseminated  or  multiple  fat- 
necrosis  in  man  will  be  considered.  Their  clinical  histories 
and  pathological  anatomy  are  in  most  respects  characteristic. 
The  writer  is  indebted  for  the  clinical  histories  to  Dr.  Charles 
G.  Stockton.  These  cases  have  been  reported  already  by  Dr. 
Stockton  and  the  writer.''-^* 


THREE  CASES  OF  MULTIPLE  FAT-NECROSIS. 

Case  1. — "  E.  H.,  a  male  Swede,  came  to  America  when 
eight  years  old.  His  parents  lived  beyond  seventy.  His  early 
life  was  spent  on  a  farm ;  his  latter  life  in  a  large  and  lucrative 
business.  He  was  a  stout  man  of  the  blonde  type,  nervous 
and  always  active.  He  had  suffered  from  otitis  media,  the 
loss  of  the  right  ear-drum,  and  had  for  two  years  experienced 
the  sensation  of  giddiness,  but  no  tinnitus. 

"He  tired  easily,  was  flatulent,  and  slightly  constipated. 
The    pulse    was  frequent  and   poorl}-   sustained  ;    the  cardiac 
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impulse  was  obscure  and  felt  to  the  left  of  the  nipple-line.  In 
twenty-four  hours  he  voided  1428  c.cm.  of  urine,  acid  in  reac- 
tion, containing  15.708  gm.  of  urea,  no  albumin,  no  sugar,  and 
negative  microscopically. 

"  Under  the  inHuence  of  massage,  baths,  and  a  regular  diet 
continued  one  year,  his  general  condition  improved,  and  he 
was  persuaded  to  take  a  European  trip  for  rest.  The  change 
was  enjoyed,  and  he  reported  stead)-  improvement,  although 
he  apparently  displayed  as  a  tourist  his  characteristic  activity. 
On  the  eve  of  his  return  he  visited  the  canal  at  Manchester, 
and  reached  Liverpool  chilled  and  exhausted.  He  ate  heartily 
at  dinner,  but  soon  after  was  seized  with  vomiting,  retention, 
of  urine,  abdominal  tenderness  and  pain.  Dr.  W.  S.  Crawford, 
of  Liverpool,  catheterized  him,  and  during  the  night  adminis- 
tered seven-eighths  grain  of  morphine  hypodermatically.  The 
temperature  was  100  ,  and  the  circulation  feeble.  The  vomit- 
ing continued,  witii  moderate  pain  and  great  thirst.  The 
doctor  writes  me  that  he  believed  that  the  patient  suffered 
from  subacute  peritonitis.  Feeling  slightly  relieved,  the  home 
voyage  was  undertaken  three  days  after  the  onset  of  the 
attack.  The  patient  grew  steadily  worse,  vomited  daily, 
retained  absolutely  no  nourishment,  and  required  morphine 
for  the  relief  of  pain.  The  ship's  surgeon,  t)r.  S.  R.  Radmore. 
ol  the  '  Teutonic,'  felt  himself  fortunate  in  turning  over  the 
patient  alive  to  the  late  Dr.  Goldthwaite,  of  New  York.  Tiie 
late  Dr.  Loomis  saw  the  patient  the  night  of  his  arrival ;  I 
saw  him  the  next  morning.  The  striking  features  of  the  case 
at  the  time  were  those  o(  prostration,  suggesting  shock  and 
toxiuinia.  .\  possible  appendicitis  was  considered  by  Dr. 
Loomis,  but  he  was  not  prepared  to  make  a  positive  diagnosis, 
nor  to  advise  operation.  1  did  not  sec  the  patient  again  (or 
three  days,  when  I  returned  to  escort  him  to  Bulfalo.  lie  was 
then  in  coma,  and  died  six  hours  after  reaching  home. 

"  There  were  i)rescnt  during  the  last  davs  general  aixlominal 
tenderness,  m(jderate  pain  and  tym])anv,  no  induration,  the 
temperature  never  above  100  ,  and  the  jnilse  frequent  and 
very  feeble.     Koumvs,  whiskey,  ami   water  were  retained  in 
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fair  quantity.  The  alvine  evacuations  appeared  natural.  Dr. 
Goldthwaite  reported  the  urine  free  from  albumin  and  sugar, 
although  Dr.  Radmore  had  found  albumin  present  during  the 
voyage.  Catheterization  was  required  before  the  use  of 
anodyne.  The  diagnosis  was  not  made.  The  general  expres- 
sion of  the  case  was  not  unlike  that  of  urjemia,  but  there  was 
more  abdominal  tenderness  and  pain  than  seemed  consistent 
with  such  a  condition  alone." 

Report  of  Autopsy:  October  18,  1894,41'.  M.  E.  H.,  Swede, 
aged  fifty-nine  years;  dead  thirteen  hours.  Rigor  mortis  firm 
in  legs,  not  so  well  marked  in  arms;  body  appears  well  nour- 
ished ;  post-mortem  lividity  present  over  the  back ;  subcuta- 
neous fat  18  mm.  thick  over  the  thorax,  30  mm.  thick  over  the 
abdomen  ;  muscles  of  thoracic  and  abdominal  walls  scantily 
developed;  costal  cartilages  calcified.  Left  lung  free  through- 
out;  right  lung  adherent  at  apex  ;  both  lungs  crepitated  well 
and  appeared  normal ;  moderate  congestion  and  o-dema 
posteriorly.  No  unusual  amount  of  pericardial  fluid  ;  valves 
of  heart  normal;  muscle  of  left  ventricle  somewhat  thinned, 
soft;  cavity  of  left  ventricle  slightly  dilated;  aortic  intima 
fatty.  Spleen  small,  dark,  and  friable.  Liver  rather  small, 
slightlv  fatty.  Gall-bladder  small,  walls  thickened,  containing 
numerous  dark  gall-stones  the  size  of  buckshot.  Mucous 
membrane  of  stomach,  small  and  large  intestines  appeared 
normal;  that  of  the  large  intestine  showed  white  dots  the  size 
of  a  pin's  head,  scarcely  noticeable  ;  appendix  30  mm.  in  length, 
size  of  chicken-quill  in  diameter ;  except  for  its  small  size, 
normal.  Kidneys  imbedded  in  abundant  fat,  the  capsule  of 
each  stripped  off  easily  ;  parenchyma  pale,  cortex  narrow  ;  two 
small  cysts  on  the  surface  o(  the  right  kidney.  Urinary 
bladder  contained  about  four  ounces  of  urine;  mucous  mem- 
brane normal. 

Most  interesting  was  the  condition  of  tiie  fatty  tissues  of  the 
abdominal  cavitv.  The  subperitoneal  fat  and  that  of  the  mes- 
entery, mesocolon,  and  omentum  was  abundant.  Imbedded 
in  the  fat  of  the  omentum,  mesentery,  and  mesocolon  were 
great  numbers  of  round,  hard,  white  masses  of  variable  size, 
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mostly  smaller  than  buckshot,  white  and  opaque  on  section. 
In  the  mesocolon  they  were  extremely  abundant,  often  soft, 
and  becoming  confluent,  making  a  pultaceous  mass.  The  same 
condition  prevailed  in  an  extreme  degree  in  the  retroperitoneal 
fat  behind  the  colon,  stomach  and  spleen. 

Removal  of  the  spleen  revealed  a  large  cavity,  extending 
downward  between  the  left  kidney,  the  colon  and  the  stomach, 
containing  a  soft,  cheesj-  substance  resembling  pus,  with 
masses  nearly  as  large  as  a  pea,  of  firmer  consistence.  The 
fatt}'  tissues  bounding  this  cavit}'  were  gra)'ish  and  necrotic  in 
appearance.  In  this  cavity  lay  the  pancreas,  surrounded  b)' 
the  same  kind  of  material,  some  of  which  also  was  adherent  to 
it.  The  fat  about  the  kidney  was  sharply  separated  from  the 
other  retroperitoneal  fat,  and  was  unaltered,  as  was  the  fat  of 
the  anterior  abdominal  and  thoracic  walls. 

The  pancreas  was  eighteen  centimetres  in  length,  and  to  the 
unaided  eye  the  parenchyma  appeared  normal;  the  duct  of 
Wirsung  was  normally  situated  and  was  patulous.  Micro- 
scopic examination  showed  its  wall  to  be  denuded  of  epithe- 
lium, except  in  the  deeper  folds,  in  which  the  epithelium 
refused  to  stain ;  the  other  tissues  of  the  duct  also  stained 
badly  ;  no  cell-inhltration  into  it  or  around  it  was  observed. 
On  microscopic  examination  of  the  parenchyma  of  the  pan- 
creas, the  epithelium  was  foimd  to  take  nuclear  stains  badly 
or  not  at  all,  in  sections  made  at  a  number  of  points  between 
the  head  and  tail.  The  epithelium  of  the  ducts  behaved  in  a 
similar  manner.  The  amount  of  interstitial  connective  tissue 
was  not  unusual.  The  condition  of  the  parenchyma  corre- 
sponded closely  witli  the  auto-digestion  of  the  pancreas 
described  by  Chiari.  Over  small  areas  it  was  moderately 
infiltrated  with  fat.  A  region  of  this  character  near  the 
tail  showed  a  small  spot  of  fat-necrosis,  having  the  characters 
to  be  described  later.  The  capsule  for  the  most  part  was  not 
thickened,  and  cxhiliitcd  no  cell-infiltration:  near  the  tail  it 
was  slightly  thickened,  and  showed  a  small  iiiemorrhagc ;  it 
contained  numerous  round,  oval  and  spindle  shaped  nuclei. 
No  bacteria  could  be  demonstrated  in  this  pancreas,  except  in 
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a  single  section  from  near  the  head,  in  which  the  duct  of 
Wirsung  contained  numerous  short,  ):>lump  bacilli  with  rounded 
ends. 

Case  II. — "  Eleven  days  later,  October  29th,  1894,  there  ap- 
peared in  the  ward  at  the  Buffalo  General  Hospital  a  Swede, 
E.  A.,  male,  aged  thirty-nine  years,  a  laborer.  For  three  weeks 
preceding  he  had  been  under  the  care  of  Dr.  W.  H.  Slacer, 
who  reported  that  the  man  had  been  taken  ill  while  at  work 
some  weeks  prior  with  abdominal  pain  and  nausea.  At  the 
time  of  examination,  October  gth,  the  pulse  was  weak,  counted 
90,  and  the  temperature  marked  101°.  The  patient  was  ema- 
ciated, anajmic,  slightly  icteric,  the  tongue  heavily  coated, 
constipated,  the  faeces  light  yellow  and  offensive.  The  urine 
was  said  to  be  natural  in  color  and  quantity,  specific  gravity 
1024,  with  absence  of  sugar,  albumin,  and  sediment. 

"  The  stomach  was  distended  with  gas;  there  was  great  ten- 
derness over  the  stomach  and  to  the  right  of  the  umbilicus. 
There  were  anorexia,  great  thirst,  and  occasional  vomiting. 
Dr.  Slacer  attended  the  man  for  chills  and  fever  one  3'ear  be- 
fore, from  which  he  had  made  a  complete  recovery. 

"When  received  into  the  hospital  the  patient  was  greatly 
prostrated,  and  complained  of  sharp,  lancinating  abdominal 
pain,  especially  in  the  region  of  the  umbilicus.  There  was 
general  abdominal  tenderness,  slight  tympany,  but  no  percept- 
ible induration. 

"  As  to  his  general  condition,  the  skin  was  muddy  and  slight- 
ly icteric,  the  tongue  was  heavily  coated,  the  pulse  varied  from 
80  to  90  and  was  very  feeble,  the  temperature  was  99°.  Time 
did  not  permit  of  a  thorough  examination  of  the  urine,  but  it 
was  found  free  from  albumin  and  sugar.  The  man  was  unable 
to  retain  nourishment.  He  was  given  nutrient  enemata,  be- 
sides digitalis  and  strychnine  hypodermatically.  Morphine 
was  repeatedly  required  for  the  relief  of  pain.  This  case  re- 
sembled so  closely  the  one  previously  described  that  I  was 
much  disappointed  to  find  on  the  following  day  that  the  pa- 
tient was  dead,  without  a  diagnosis  having  been  made.'" 

Report  of  Autopsy :  October  31,   1894,  4  v.   M.     E.  A.,  aged 
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thirty-nine  years;  dead  fourteen  hours.  Rigor  mortis  firm; 
well  formed,  but  slim  ;  post  mortem  discoloration  well  marked 
in  buttocks,  back,  backs  of  arms  and  neck ;  a  number  of  dark 
spots  in  skin  of  anterior  surface  of  right  thigh,  right  upper 
arm  and  left  hip.  Subcutaneous  fat  over  thorax  6  mm.  thick, 
over  abdomen  i8  mm.  thick;  subperitoneal  fat  well  developed. 
Both  lungs  free  from  adhesions;  pleural  cavity  empty;  lungs 
small,  crepitated  well,  and  were  normal;  right  weighed  377 
grams,  left  261  grams.  Pericardial  cavity  free  from  fluid; 
heart  of  normal  size,  weight  246 grams;  usual  amount  of  subper- 
icardial  tat;  right  ventricle  contained  large  yellow  clot,  valves 
normal,  muscle  of  ventricle  of  usual  thickness  and  healthy  ; 
aorta  moderately  atheromatous.  Spleen  weighed  203  grams, 
of  normal  appearance.  Uver  appeared  fatty  ;  centres  of  lob- 
ules congested.  Crall-biadder  dilated,  encroaching  on  anterior 
surtace  of  liver,  which  was  notched  correspondingly  ;  its  shape 
was  unusual,  being  constricted  about  the  middle,  and  the  cystic 
duct  compressed  by  a  fibrous  band  ;  bile  passed  freely  into  the 
duodenum  on  pressure,  however.  Mucous  membrane  of  stom- 
ach and  duodenum  normal;  that  of  jejunum  congested  and 
(I'dematous,  covered  with  mucus;  ileum  less  so,  except  the 
lower  portion,  which  was  congested.  About  one  metre 
above  the  ileo-ca;cal  valve,  the  ileum  was  bovmd  down  by  a 
recent-appearing  adhesion,  not  very  firm.  Breaking  of  this 
adhesion  disclosed  behind  it  a  cavity  as  large  as  a  walnut,  con- 
taining fluid  resembling  pus  and  small,  harder  masses.  Ap- 
pendix vermiformis  8.8  cm.  in  length,  of  which  7.5  cm.  were 
free;  tissue  about  the  caecum  normal;  mucous  membrane  ol 
the  colon  near  the  splenic  flexure  necrotic  and  easily  torn; 
colon  beyond  this  point  congested  ;  contents  yellowish,  s-cmi- 
Huid.  Kidneys  weighed  159  grams  each  ;  capsules  stripped  ofl 
with  ease,  appeared  a  little  swollen  ;  cortices  very  pale,  m( dnl 
la-  dark;  suprarenal  bodies  normal  in  size  and  appearance. 

The  peritoneum  showed  no  congestion  or  exudate;  beneath 
it  the  fatty  tissues  of  the  abdominal  wall  were  sparingly  dotted 
with  small,  hard,  white  nodules;  the  same  were  present  in 
larger  numbers  in  the  mesentery  ;  they  were  seen  about  the 
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cjecum.  Removal  of  the  spleen  disclosed  a  mass  of  necrotic 
tissue,  soft,  grayish,  containing  fluid  resembling  pus,  small, 
hard,  white  masses,  and  others  easily  crushed  between  the  An- 
gers. This  condition  extended  through  the  retroperitoneal 
fat-tissue  to  the  splenic  ffe.xure  of  the  colon.  The  necrotic 
portion  of  the  colon  already  mentioned  was  in  contact  with 
black  necrotic  tissue  behind  it. 

The  tatty  tissues  about  the  pancreas  were  included  in  the 
same  necrotic  area.  The  outer  surface  of  the  pancreas  was 
grayish-black,  and  dotted  with  the  same  white  masses.  The 
pancreas  was  26  centimetres  in  length  ;  weight,  172  grams. 
The  head  was  large,  quadrilateral,  margin  angular,  sharply 
separated  from  the  rest  of  the  organ,  which  was  united  with 
the  head  by  a  constricted  portion,  about  the  size  of  a  lead- 
pencil.  Section  of  the  pancreas  showed  it  to  be  hard  ;  fibrous 
tissue  present  in  abnormal  amount :  parenchyma  unusually 
reddened.  The  duct  of  Wirsung  was  patulous:  microscopic 
examination  showed  its  epithelium,  for  the  most  part  well 
stained,  but  some  smaller  ducts  were  filled  with  desquamated 
epithelium  and  small  round  cells.  In  the  constricted  part 
above  mentioned,  the  duct  contained  a  hyaline  appearing 
substance.  The  epithelium  of  the  parenchyma  took  the 
nuclear  stain  fairly  well.  Occasionally  small  areas  were 
observed  not  having  any  nuclear  stain  at  all.  The  amount  of 
interstitial  connective  tissue  was  unusual ;  its  capillaries  were 
dilated  and  full  of  red  blood-cells ;  it  contained  numerous  nu- 
clei and  small  heemorrhagic  spots ;  number  of  fat-cells  con- 
siderable. A  section  made  through  the  constricted  part  of 
the  pancreas  mentioned  showed  two  spots  of  fat-necrosis.  The 
capsule  was  thick,  consisting  of  fibrous  tissue,  with  numerous 
round,  oval  and  spindle-shaped  nuclei  and  hiemorrhagic  areas. 
The  development  of  fibrous  tissue  was  greatest  over  the  con- 
stricted portion. 

Numerous  bacilli,  small  and  large,  often  forming  strings, 
with  square  ends,  were  found  in  the  capsule,  extending  to  a 
less  decree  into  the  interstitial  tissue  between  the  acini  for  a 
short  distance  from  the  capsule. 
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Microscopic  examination  of  the  duodenum  showed  very 
large  numbers  of  gobiet-cells  in  the  epithelial  lining,  moder- 
ate congestion,  no  cell-infiltration. 

Case  III.  Although  the  fat-necrosis  was  not  very  exten- 
sive, on  account  of  the  interesting  history  and  clinical 
features,  it  seemed  best  to  consider  this  in  connection  with 
Cases  I  and  II. 

*'  The  patient,  a  widow,  sixty-six  vears  old,  had  cholecystitis 
six  years  ago,  and  again,  four  years  ago,  this  time  with  severe 
hepatic  colic  and  jaundice.  She  made  slow  improvement  and 
sustained  a  relapse  six  months  later.  There  was  no  vomiting 
or  nausea  following  this,  and  she  slowly  improved  in  most 
respects  until  late  last  autumn.  She  had  been  a  stout  woman, 
and  now  regained  most  of  the  weight  that  she  had  previousl)' 
lost. 

•'  There  was  no  recurrence  of  jaundice  nor  was  there  evi- 
dence of  troubled  digestion,  but  during  these  3ears  she  suffered 
from  frequent  attacks  of  pain  in  the  hepatic  region.  The 
pain  was  never  severe  enough  to  require  anodyne,  although 
hot  applications  were  often  made,  and  she  felt  that  she  was  not 
entirely  well.  About  the  middle  of  October,  1S99,  she  fell 
and  sustained  a  slight  strain  of  the  body,  after  which  the  pains 
became  worse.  About  the  first  of  December,  although  the 
pain  had  recently  somewhat  diminished,  she  became  slowly 
jaundiced,  suffered  from  much  gastric  distress,  with  stools  at 
times  clay -colored,  at  other  times  showing  some  bile  staining  ; 
the  urine  became  beer-colored,  and  there  was  progressive  loss 
of  weight. 

"She  was  examined  by  Dr.  Stockton  on  the  20th  of  January, 
1900,  at  which  time  she  complained  of  dull  pain  in  the  small 
of  the  back,  and  occasionally  in  the  hepatic  region.  She  had 
moderate  jaundice,  clay-colored  stools  and  fair  gastric  diges- 
tion. There  was  total  acidity  of  30,  combined  chlorides  10, 
acid  salts  5,  and  free  hydrochloric  acid  .05.  There  was  no  gas- 
tric catarrh,  and  the  food  showed  good  digestion.  The  urine 
was  acid,  dark  reddish  color,  specific  gravity  1023,  showing  a 
trace   of  albumin,    bile  coloring-matter,  no  sugar,  a  trace  of 
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indican,  the  total  amount  in  twenty-four  hours  4<So  cc.  with 
7.84  grams  of  urea.  Microscopically  there  were  found  a 
few  bile-stained,  finely  granular  casts,  squamous  epithelium, 
leucoc3-tes  and  cylindroids.  The  diagnosis  of  cholecystitis  and 
cholelithiasis  was  made..  She  was  judged  not  to  be  in  a  con- 
dition suitable  for  operation,  and  was  therefore  sent  to  the 
Buffalo  General  Hospital  to  be  treated  bv  vapor  baths,  limited 
diet,  hot  fomentations,  and  large  draughts  of  water.  Under 
this  treatment  she  made  moderate  improvement  in  most 
respects  and  more  especially  in  the  condition  oi  the  urine. 
The  casts  disappeared,  as  did  the  biliary  coloring-matter,  with 
the  subsidence  of  the  jaundice. 

"  On  the  14th  of  Februarj'  she  was  allowed  to  sit  up  and 
walk  a  little  about  the  room.  Immediately  afterwards  her 
temperature  rose  to  101°  F.,  the  pulse  to  100,  and  at  the  same 
time  there  was  an  increase  of  pain  and  a  return  of  the  jaun- 
dice. An  operation  was  now  resolved  upon.  This  was  per- 
formed on  the  2ist  of  February  by  Dr.  Roswell  Park,  which 
he  has  kindly  described  as  follows  : 

'•'After  opening  the  abdomen  by  an  S-shaped  incision,  the 
gall-bladder  was  found  extremel}'  contracted  and  drawn  up 
beneath  and  behind  the  anterior  border  of  the  liver.  In  it  could 
be  felt  at  least  one  calculus,  while  along  the  duct  others  could  be 
felt.  The  operation  was  made  extremely  difficult  by  the  Hesh- 
iness  of  the  patient,  and  by  adhesions,  as  well  as  by  the  deep 
situation  of  the  gall-bladder  and  the  duct.  During  the  manip- 
ulation required  for  making  access  to  these,  especially  to  the 
latter,  I  was  perfectl)'  conscious  that  more  or  less  of  damage 
was  being  done  to  adjacent  structures,  but  was  absolutely  un- 
able to  estimate  it.  One  calculus  was  removed  entire  from  the 
gall-bladder,  while  most  of  the  material  in  the  duct  had  to  be 
crushed  before  it  could  be  removed  with  a  spoon.  The 
impacted  stone  which  seemed  to  be  producing  complete 
obstruction  of  the  duct  was  at  least  half  an  inch  in  diameter. 
Several  small  calculi  were  also  removed.  The  material  thus 
removed  weighed  4  grams.     Sutures  were  applied  as  carefully 
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and  as  accurately  as  was  possible  under  the  difficulties,  and  a 
small  drain  inserted  into  the  gall-bladder.' 

•■  The  patient  bore  the  operation  well,  but  soon  afterwards 
required  stimulants.  During  the  alternoon  and  evening  she 
suffered  severe  pain,  requiring  anodyne.  Early  in  the  morning 
there  suddenly  developed  a  condition  of  shock,  the  pulse  being 
140  and  thready,  temperature  being  102".  The  patient  was 
given  an  intravenous  injection  of  normal  salt  solution,  hot 
enemata  and  hypodermic  stimulation,  after  which  there  was 
temporary  improvement,  but  death  ensued  about  3  r.  M., 
twent3'-eight  hours  after  the  operation. 

"  A  clinical  diagnosis  of  septic  peritonitis  was  made,  but  this 
did  not  seem  sufficiently  extensive  to  account  for  the  sudden 
development  ol  the  shock,  and  the  earlv  fatal  termination  of 
the  case." 

Report  of  Autopsy :  Februar}'  22,  1900,  two  hours  after  death. 
The  subject  was  a  rather  stout,  middle-aged  woman.  There 
was  an  incision  12  cm.  long  in  the  right  hypochondriac 
region,  approximately  parallel  with  the  costal  margin.  The 
end  of  a  rubber  drainage-tube  projected  between  the  edges  of 
the  incision,  which  was  closed  with  silkworm-gut  sutures. 
The  whole  was  covered  with  a  bandage  and  dressing.  The 
subcutaneous  adipose  tissue  was  i)/,  cm.  in  thickness  over  the 
thorax,  and  3  cm.  over  the  abdomen.  There  was  some  arterio- 
sclerosis and  calcification  of  both  coronary  arteries ;  otherwise 
the  heart  and  pericardium,  as  well  as  the  pleural  cavities  and 
lungs,  were  not  remarkable.  The  omental  and  mesenteric 
adipose  tissues  were  well  developed.  The  peritoneal  cavity 
contained  a  quantity  of  dark,  serous  fluid.  The  peritoneal 
surfaces  of  the  intestines  and  liver  were  covered  with  a  thin 
layer  of  fibrin.  The  coils  of  intestines  were  congested.  The 
spleen  was  more  than  twice  its  normal  size,  dark  and  soft. 
The  kidneys,  ureters  and  suprarenal  bodies  were  not  remark- 
able. The  mucous  surfaces  of  the  stomach,  the  duodenimi. 
and  the  remainder  of  the  intestines,  with  the  vermiform  appen- 
dix, presented  nothing  noteworlhv,  except  a  small,  clean-cut 
round  ulcer  on  ti>e  jiostcrior  wall  of  the  duodenum  just  below 


Fat-Necrosis.  15 

the  pylorus.  There  was  a  firm  fibrous  adhesion  between  the 
lower  anterior  margin  of  the  liver  and  the  anterior  abdominal 
wall  above  the  umbilicus.  The  liver  was  of  about  the  normal 
size,  and  was  hard :  its  capsule  thickened  ;  its  surface  coarsely 
granular,  in  color  pale  and  yellowish  ;  the  lobules  distinct  on 
section.  The  drainage-tube  above  mentioned  entered  the 
gall-bladder  which  was  contracted,  and  passed  through  the 
cystic  into  the  common  bile-duct,  ending  2  cm.  from  the  bile- 
papilla.  The  lower  end  of  the  tube  was  secured  to  the  wail 
of  the  duct  b\^  a  purse-string  silkworm-gut  suture.  The  bile- 
papilla  was  prominent.  The  submucous  layer  of  the  duodenum 
in  this  region  was  thickened  and  red  from  infiltration  with 
blood. 

The  pancreas  was  iS  cm.  long,  and  showed  well-marked 
fatty  infiltration.  The  pancreatic  duct  was  easily  found, 
opening  inside  the  bile-papilla,  and  was  large  and  patulous. 
The  head  of  the  pancreas  was  enlarged ;  it  was  firm,  and  dark 
reddish-brown  in  color.  On  section  it  showed  irregular, 
chalky-white  areas,  alternating  with  dark  areas,  apparently 
of  haemorrhagic  infiltration.  Incision  into  the  body  of  the  pan- 
creas near  its  middle  showed  some  small  haemorrhages  in  this 
vicinit)'.  On  both  surfaces  of  the  pancreas,  but  especially  the 
posterior,  there  appeared  numerous  round,  fiat,  firm,  opaque 
white  areas  i  to  5  mm.  in  diameter,  plainly  seen  in  contrast 
with  the  normal  adipose  tissue.  They  were  regarded  as  fat- 
necroses,  which  they  proved  to  be  on  examination  with  the 
microscope.     (Plate  i.) 

The  lymph-nodes  in  the  neighborhood  of  the  pancreas  were 
slightly  enlarged,  firm,  and  pink  in  color.  It  was,  unfortu- 
nately, not  possible  to  examine  the  solar  plexus,  as  the  time 
allowed  for  the  autopsy  was  limited. 

The  mucous  membrane  of  the  duodenum  showed  nothing 
remarkable  in  its  histology.  The  capillaries  of  the  submucous 
layer  close  to  the  pancreas  were  distended  with  blood.  The 
lymph-spaces  of  this  layer  contained  numerous  red  blood-cells, 
and  in  some  places  were  crowded  with  them.  There  were  no 
large  hremorrhages. 


Plate  I. 

Pancreas  of  Case  III,  showing  numerous  small  fat-necroses 
in  the  adipose  tissue  about  it;  the  head  of  the  pancreas  is 
somewhat  enlarged,  and  is  dark  brown  in  color  from  hanior- 
rhage ;  part  of  the  stomach,  just  entering  the  duodeiuim, 
appears  above  and  behind  the  head  of  the  pancreas;  the 
spleen  and  the  bod)'  of  the  pancreas  have  been  given  one  halt 
turn,  so  that  their  posterior  surfaces  are  shown,  and  the  ujiper 
border  of  the  spleen  appears  in  the  sketch  as  the  lower. 
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The  pancreatic  duct  and  its  brandies  possessed  an  intact 
epithelial  lining.  The  ducts  were  usually  empty;  sometimes 
they  held  stringy  contents,  probably  mucus.  Sections  of  the 
pancreas  showed  fatty  infiltration,  and  rather  more  abundant 
connective  tissue,  than  is  usual,  in  which  "mast-cells"  and  a 
few  plasma-cells  (Unna)  were  seen.  In  osmic  acid  specimens 
slight  fatty  degeneration  of  the  glandular  epithelium  became 
evident.  Areas  of  fat-necrosis  were  numerous  in  the  inter- 
lobular adipose  tissue.  Leucocytes  occurred  in  the  stroma  of 
the  pancreas,  between  the  groups  of  acini,  in  moderate  num- 
bers, both  in  the  body  and  in  the  head  of  the  pancreas. 
There  were  points  on  the  surface  of  the  head  where  masses  ol 
leucocytes  and  fibrin,  with  much  granular  detritus,  were  seen. 
Numerous  htemorrhagic  areas  appeared  in  and  about  the  head 
of  the  pancreas.  Small  haemorrhages  occurred  in  the  body 
of  the  pancreas.  Rarely  small  veins  containing  recent  thrombi 
were  observed.  The  dark  color  of  the  head  of  the  pancreas 
was  due  partly  to  necrotic  fat-cells  whose  contents  were 
stained  orange-red,  apparently  from  the  imbibition  of  blood 
coloring-matter.  Masses  of  decolorized  blood-corpuscles  were 
also  noted.  Occasionally  the  necrotic  fat-cells  contained 
granules  and  rod-shaped  crystals  of  brown  pigment,  and  a 
similar  pigment  occurred  between  the  fat-cells. 

In  the  head  of  the  pancreas  numerous  ill-defined  areas 
occurred,  in  which  the  epithelial  cells  were  shrunken,  their 
nuclei  staining  badly.  There  were  other  areas  in  which  the 
outlines  of  the  epithelial  cells  were  indistinct,  and  the  nuclei 
took  no  stain  at  all.  These  changes  were  not  marked.  They 
were  often  seen  in  close  contact  with  necrotic  fat-cells. 

The  histol'ogical  examination  of  the  other  organs  of  the 
body  yielded  no  results  appearing  to  have  any  relation  with 
the  condition  in  the  pancreas. 

Conclusions :  There  was  no  evidence  of  any  obstruction  in 
the  pancreatic  duct  or  any  of  its  branches.  Acute  interstitial 
inflammation  of  the  pancreas,  with  hemorrhage,  was  present, 
but  not  in  a  marked  degree.  The  other  lesions  of  the  pancreas 
were  fat-necrosis  in  the  surrounding  and  interlobular  adipose 


IS  Fat-A^ecrosis. 

tissue,  and  necrosis  of  some  parenclivmatous  cells.  In  the 
opinion  of  the  writer,  the  pathological  conditions  are  best 
explained  as  having  resulted  from  traumatism  to  the  pancreas 
sustained  at  the  operation,  and  unavoidable  on  account  of  its 
difficulties.  (See  Dr.  Park's  description  of  the  operation,  page 
13.)  That  such  traumatism  occurred  is  indicated  by  the 
haemorrhages  in  the  head  of  the  pancreas,  and  in  the  adjacent 
submucous  la)'er  of  the  duodenum.  The  lower  end  of  the 
drainage-tube  in  the  common  duct  was  only  2  cm.  distant. 
A  disturbance  of  the  tissues  of  the  head  of  the  pancreas  would 
account  for  the  necrosis  of  the  parenchymatous  cells,  and 
would  make  escape  of  the  pancreatic  ferments  possible.  Fitz- 
has  reported  a  case  in  which  pancreatitis  and  fat-necrosis 
resulted  from  an  injury.  The  significance  of  the  pigment 
crystals  in  the  head  of  the  pancreas,  and  partly  inside  of 
necrotic  fat-cells,  is  not  clear.  They  must  have  been  due  to 
imbibition  of  blood  or  bile  coloring-matter,  perhaps,  though 
not  probably,  from  an  earlier  lesion ;  chemical  tests  gave 
indecisive  results.  It  is  possible  that  the  beginning  of  the 
affection  coincided  with  the  rise  of  temperature  and  pulse 
noted  in  the  clinical  history  as  occurring  a  week  before  the 
operation.  That  is  unlikely,  however,  as  none  of  the  classical 
symptoms  of  pancreatitis  were  present  at  that  time. 

HISTOLOGY   OK   THE    FAT-NECROSES. 

The  histological  appearances  of  the  necrotic  fat-material 
were  identical  in  Cases  I  and  II;  they  will  therefore  be 
described  together.  The  pultaceous  fluid  consisted  of  opaque 
masses  and  granules,  highly  retracting  gjobules,  and  needle- 
shaped  crystals.  Frozen  sections  ol  the  white  necrotic  nodules 
showed  them  to  be  made  up  of  similar  coarse  granules  and 
masses,  ghibulcs  and  crystals,  and  a  small  amount  of  masses  of 
brown  pigment.  Many  of  the  opaque  masses  were  about  the 
size  and  shape  of  fatcells  and  evidently  represented  altered 
fat-cells.  (Plate  11,  Fig.  i.)  The  surrounding  tissue  was  mod- 
<r.iiilv  congested;  a  few  small  extravasaiicum  were  udtcd  ;  the 
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fat-cells  appeared  normal.  Sections  of  the  same  imbedded  in 
celloidin  and  stained  with  ha?motox3din  or  carmine  gave  similar 
results.  In  them,  however,  the  presence  of  a  connective  tissue 
boundary  to  the  spots  of  fat-necrosis  was  often  demonstrated, 
even  to  the  extent  of  forming  a  thick  capsule.  There  was 
marked  infiltration  of  this  capsule  and  less  of  the  underlying 
part,  with  cells  having  good-sized,  round,  oval  or  s[)indle-shaped 
nuclei.  The  relatively  healthy  fat-tissue  sometimes  showed  an 
increased  number  of  nuclei.  (Plate  II,  Fig.  2.)  Furthermore, 
owing  to  the  partial  solution  of  the  opaque  material  b}'  the 
ether  used  in  imbedding,  the  outlines  of  what  appeared  to  be 
fat-cells  could  be  plainly  seen  in  parts  of  these  necrotic  areas  ; 
and  strands  of  connective  tissue  were  visible  traversing  the 
areas.  The  nuclei  of  the  altered  fat-cells  could  not  be  stained. 
Frozen  sections  of  the  spots  of  fat-necrosis  were  partially 
cleared  up  by  the  use  of  either  ether  or  acetic  acid  :  when  the 
two  reagents  were  used  successively,  the  opacity  disappeared 
entirely,  more  readily  if  the  preparation  was  heated  moder- 
ately. Calcium  was  found  to  be  present  in  abundance.  Accord- 
ing to  the  observations  of  Langerhans, -'  the  calcium  is  in 
combination  with  fatt}-  acids.  Sarfert"  has  reported  finding 
the  fatty  acids  combined  with  sodium. 

The  prominence  of  the  nodules  of  fat-necrosis  and  the  con- 
densation of  the  connective  tissue  in  front  of  them  point  to- 
ward an  increase  in  size.  It  has  already  been  noted  that  rela- 
tively unaltered  fat-cells  and  strands  of  connective  tissue  were 
to  be  seen  within  them.  The  congestion,  haemorrhages  and 
cell-infiltration  indicate  an  infiammator}-  reaction  about  them.'' 
Many  sections  appear  to  justify  the  view  of  Langerhans  that 
the  connective  tissue  boundary  of  the  necrotic  nodule  coin- 
cides with  the  connective  tissue  originally  surrounding  a  fat- 
tissue  lobule. 

The  nodules  of  necrotic  adipose  tissue  in  Case  III  were  con- 
fined to  the  vicinity  of  the  pancreas.  They  were  smaller, 
more  flattened,  and  not  so  sharply  defined  as  in  the  other  two 
cases.  No  thickening  of  the  connective  tissue  about  them  was 
seen.     The  meshes  of  the  adipose  tissue  contained  a  somewhat 


Plate  II. 

Fig.  I.  Edge  of  an  area  of  fat-necrosis,  normal  adipose 
tissue  at  the  right.     Frozen  section  ;  photo-micrograph. 

Fig.  2.  Edge  of  an  area  of  fat-necrosis,  showing  cellular 
connective  tissue  surrounding  it,  and  normal  adipose  tissue  at 
the  right.  Celloidin  section ;  h;ematoxylin ;  photo-micro- 
graph. 
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increased  number  of  leucocytes  and  larger  mononuclear  cells, 
as  well  as  small  hgemorrhagic  areas.  None  of  these  features 
were  more  noticeable  directly  about  the  nodules.  The  out- 
lines of  the  fat-cells  in  the  necrotic  nodules  were  entirely  pre- 
served, and  cr3^stalline  needles  were  easily  seen  in  sections 
mounted  in  balsam.  These  needles  sometimes  stained  blue 
with  ha;matoxylin.  They  frequently  appeared  to  radiate  from 
a  point  in  the  centre  of  the  cell,  and  often  were  arranged 
thickly  and  in  a  radiating  arrangement  about  the  circumfer- 
ence oi  the  cell,  leaving  a  cavity  in  the  middle.  The  histolog- 
ical characters  were,  in  the  main,  identical  with  those  described 
hereafter  for  fat-necroses  in  the  hog  and  cat. 

Calcium  salts  were  also  abundant  in  the  nodules  in  Case  III, 
which  is  interesting  considering  the  rapid  progress  of  the  case. 
(Compare  with  the  result  in  cat  37  described  hereafter. 

HISTOLOGICAL   TECHNIQUE. 

For  fixation  of  the  necrotic  adipose  tissue  and  the  specimens 
of  pancreas,  alcohol,  formaldehyde  (4  per  cent,  solution),  Miil- 
ler's  fluid,  Flemming's  solution,  and  osmic  acid  were  em- 
ployed. Alcohol  with  celloidin  imbedding,  performed  rapid- 
ly, gave  the  best  results.  The  sections  need  not  be  very  thin. 
Various  aniline  dyes  and  other  stains  were  tried,  but  h;cma- 
toxylin  and  eosin  were  found  the  most  satisfactory.  The  con- 
tents of  the  necrotic  nodules  often  stained  deeply  with  haema- 
toxylin,  probabl}'  owing  to  the  presence  of  calcium.  The  ne- 
crotic areas  were  not  stained  by  osmic  acid  or  Sudan  111, 
although  some  oil  globules  which  took  the  stain  might  be  seen 
in  them.  Frozen  sections,  which  are  indispensable,  may  be 
made  either  from  the  fresh  tissues  or  after  fixation  with  for- 
maldehyde. For  the  micro-chemical  reactions  of  fat-necroses 
the  paper  of  Langerhans-'  may  be  consulted. 

BACTERIOLOGICAL     EXAMINATIONS. 

Numerous  bacilli  were  found  between  the  fat-cells  about  the 
spots  of  fat-necrosis  in  Case  II.;  large  rods  with  square  ends 
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were  most  numerous;  some  smaller  forms  with  rounded  entis 
were  also  seen.  They  were  not  detected  in  the  spots  of  fat- 
necrosis  themselves,  nor  were  they  more  noticeable  in  their 
immediate  vicinity  than  at  some  distance  removed. 

Xo  bacteria  could  be  found  with  the  microscope  in  the  latty 
tissues  of  Case  I.,  and  unfortunately  the  circumstances  attend- 
ing the  autopsy  prevented  the  use  of  culture-methods.  In 
Case  II.,  however,  inoculations  were  made  both  from  the  pan- 
creas and  the  necrotic  fat.  From  each  a  variety  of  bacillus 
was  isolated  in  pure  culture. 

From  the  fat  a  bacillus  was  obtained,  having  rounded  ends, 
growing  both  as  short  oval  forms  and  as  long  filaments,  active- 
ly motile,  liquefying  gelatine  rapidlj',  and  nourishing  on  the 
ordinary  culture-media.  It  appeared  to  be  a  variety  of  Proteus. 
Broth-cultures  injected  into  the  abdominal  subcutaneous  tis- 
sues of  rabbits  evoked  local  suppuration;  nothing  resembling 
fat-necrosis  was  produced.  From  the  pancreas  a  bacillus  with 
rounded  ends  was  isolated,  growing  both  as  short  oval  and 
long  filamentary  forms,  not  motile,  or  but  slightly  so,  not 
liquefying  gelatine,  growing  on  the  ordinar)'  culture-media, 
coagulating  milk,  producing  gas  and  acid  reaction  in  2  per 
cent,  glucose-bouillon,  giving  a  faint  indol  reaction  in  peptone 
solution,  and  in  all  respects  behaving  like  Bacillus  coli  com- 
munis. Broth-cultures  injected  into  the  subcutaneous  tissues 
of  the  abdominal  wall  of  rabbits  evoked  local  suppuration,  but 
nothing  like  fat-necrosis  could  be  fountl. 

We  do  not  appear,  in  either  of  these  forms,  to  have  secured 
the  large  bacillus  with  square  ends  seen  in  sections  of  the  pan 
creas  and  fat-tissues.  One  is  not,  however,  disposed  to  lay 
much  stress  upon  it  or  upon  them.  It  will  be  remembered 
that  the  pancreas  lay.  Iloating  almost,  in  a  cavity  filled  with  a 
kind  of  pultaccous  dibris,  and  that  this  cavitv  was  in  part 
bounded  by  the  splenic  flexure  of  the  colon,  whose  mucous 
membrane  was  in  a  necrotic  condition.  Under  these  circum- 
stances the  |)cnetration  of  bacteria  into  the  pancreas  and  fat  to 
the  extent  observed  is  not  surprising. 

In  case  III.,  the  bacteriological  examination  gave  the  follow- 
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ing  result:  The  peritoneal  Huid,  the  liver,  and  the  pancreas 
contained  an  organism  in  pure  culture,  which,  in  regard  to 
motility,  staining  by  Gram's  method,  growth  on  gelatine  and 
agar  plates  and  tubes,  growth  on  potato,  coagulation  of  milk, 
fermentation  of  glucose  and  development  of  indol,  corres- 
ponded with  Bacillus  coli  communis.  A  tube  made  from  the 
pancreas,  and  kept  in  the  incubator  under  anaerobic  condi- 
tions remained  sterile.  A  tube  from  the  spleen  remained  ster- 
ile. Sections  of  the  pancreas  stained  in  methylene-blue  showed 
rarely  small  bacilli  with  rounded  ends,  exhibiting  no  special 
relation  with  the  spots  of  fat-necrosis.  Considering  the  con- 
ditions present  in  this  case,  no  significance  can  be  attached  to 
infection  with  Bacillus  coli  communis. 


MINOR  FAT-NECROSES  ABOUT  THE  HUMAN 
PANCREAS. 

FREQUE^XV    OF   OCCURRENCE. 

In  the  paper  by  Balser',  in  which  disseminated  or  multiple 
fat-necrosis  was  first  named  and  accurately  described,  it  was 
also  remarked  that  one  or  a^  number  of  areas  of  fat-necrosis 
might  often  be  found  in  the  adipose  tissue  in  or  near  the  pan- 
creas in  the  cases  of  individuals  dying  from  causes  not  con- 
nected with  the  pancreas. 

Judging  from  the  remarks  of  Fitz^  and  others,  the  same  ap- 
pears to  have  been  noted  by  manv  observers.  Reports  vary 
considerably  as  to  its  frequency.  Balser'  discovered  ii  at  five 
(20%)  of  twenty-five  unselected  autopsies:  Langerhans-'  at 
twenty-eight  autopsies,  four  times.  (i4.3;^f');  Kasahara'^  only 
once  (1.2^)  in  eighty-three  autopsies.  In  Chiari's^  studies  on 
auto-digestion  of  the  pancreas,  that  organ  was  examined  at 
seventy-five  autopsies,  and  fat-necrosis  was  seen  incidentally 
twenty-three  times,  (30.6^).  None  of  the  writers  who  have 
described  fat-necrosis  of   this  form    appear  to    have   found  it 
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associated  frequently  with  obstruction  of  the  duct  of  Wirsung 
or  with  any  disease  of  the  pancreas. 

ANTE-MORTEM    AND    POST-MORTEM     FAT-NECROSES. 

Langerhans"  suggested  that  such  fat-necroses  might  be  due 
to  the  postmortem  action  of  the  fat-splitting  ferment  of  the 
pancreatic  juice.  This  explanation  accounts  very  plausibly  for 
many  of  the  cases  in  which  no  intlamuiatory  reaction  appeared 
in  the  tissues  surrounding  the  altered  fat-cells. 

The  writer  has  examined  the  pancreas  with  great  care  at  one 
hundred  consecutive  autopsies,  nearly  all  on  adults,  and  found 
small  areas  of  fat-necrosis  eight  times  (8^).  The  affected  areas 
were  small,  irregular  in  form,  and  close  to  the  pancreas.  Ne- 
crosis of  the  cells  of  the  pancreas  itself  was  many  times  seen 
directly  adjacent  to  altered  fat-cells.  The  changes  in  the  pan- 
creatic cells  conformed  to  the  auto-digestion  of  the  pancreas 
described  by  Chiari\  (see  below).  There  was  evidence  tii.it 
the  process  was  not  recent,  (in  the  shape  of  inflammatory  re- 
action of  the  surrounding  tissue),  only  in  two  cases.  In  the  six 
cases  in  which  the  fat-necrosis  was  recent  or  post-mortem,  the 
pancreas  was  normal  in  all  but  one,  where  catarrhal  inflamma- 
tion, indurative  pancreatitis,  and  small  cysts  of  the  pancreas 
were  present.  The  two  cases  in  which  the  fat-necrosis  was 
evidently  of  longer  standing  are  described  below  (cases  A  and 
B)  with  two  others  which  have  occurred  recently  in  the  writ 
er"s  service  (cases  C  and  D).  It  will  be  observed  that  in  each 
of  these  cases  some  form  of  pancreatic  disease  was  present. 
In  Case  C,  the  changes  were  most  extensive,  and  may  possibly 
represent  the  late  results  of  an  earlier  ha.Miiorrhagic  pancrea- 
titis. 

Case  A. —  Erie  County  Hospital,  March  9,  1896.  |.  11.,  a 
woman,  forty-five  years  of  age,  moderately  fat,  having  gall- 
stones, suppurative  cholangitis,  acute  nephritis;  urine  albu- 
minous, with  bile-stained,  hyaline  and  waxy  casts,  and  bile- 
stained  renal  epithelium.  The  pancreas  was  large,  parenchv- 
m.i    yellow,   .ipparcntly    fatty.     Near   the    head   was  a  rnuiKJ, 
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white  area  3.4  in.m.  in  diameter,  from  which  a  white,  semi-fluid 
material  exuded  on  slight  pressure.  Examination  of  frozen 
sections  showed  it  to  be  a  region  of  fat-necrosis  in  the  intersti- 
tial adipose  tissue.  Calcium  was  present  in  abundance.  In 
stained  sections  the  periphery  of  the  nodule  was  found  to  be 
rich  in  cells  with  round  and  oval  nuclei,  and  a  few  polynuclear 
leucocytes  among  them,  readily  shown  in  thin  sections  stained 
with  hsematoxylin.  There  was  a  thin  band  of  dense  connect- 
ive tissue  around  the  nodule.  The  epithelium  of  the  paren- 
chyma of  the  pancreas  was  fatty  degenerated  ;  there  was  an 
increased  amount  of  interstitial  tissue;  a  few  ducts  contained 
desquamated  epithelium  and  leucocytes. 

Case  B.— Buffalo  General  Hospital,  Nov.  18,  1898.  W.  P., 
male,  age  48,  with  acute  pleuritis,  chronic  endocarditis,  hyper- 
trophy and  dilatation  of  the  heart,  cyanotic  induration  of  liver, 
spleen  and  kidneys,  ascites,  catarrhal  gastritis.  The  pancreas 
was  small  and  firm,  its  duct  dilated  for  the  most  part,  but  in 
places  stenotic;  the  duct  contained  numerous  small,  white  cal- 
culi. On  section  the  parenchyma  of  the  pancreas  was  found 
almost  entirely  wanting.  A  few  islands  of  normal  tissue  re- 
mained, however,  and  some  atrophic  lobules,  all  of  them  im- 
bedded in  dense  fibrous  tissue.  The  whole  was  surrounded 
by  adipose  tissue,  in  which  fat-necrosis  was  prominent,  especial- 
ly of  the  fat-cells  close  to  the  pancreas.  Needle  shaped  crys- 
tals of  brown  pigment  were  seen  in  and  between  the  altered 
tat-cells.  The  adjacent  connective  tissue  contained  numerous 
large  mononuclear  cells. 

Case  C. — Buffalo  General  Hospital,  March  8,  1899.  A.  J., 
male,  age  50.  History  of  syphilis,  alcoholism,  and  dementia, 
beginning  six  years  before  death.  The  autopsy  revealed  the 
presence  of  chronic  leptomeningitis,  cerebral  oedema,  encapsu- 
lated areas  of  caseation  in  the  lungs,  catarrhal  gastro-enteritis, 
fatt}'  and  cirrhotic  liver.  The  pancreas  was  small,  indurated  ; 
the  tail  of  the  pancreas  bound  to  the  stomach  by  a  firm  adhe- 
sion. The  duct  of  Wirsung  could  not  be  found.  The  common 
bile-duct  appeared  normal.  There  was  abundant  adipose  tis- 
sue  about   the  pancreas,   in  which  numerous  grayish,  chalky 
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areas  were  seen,  which  proved  to  be  fat-necroses,  containing 
an  abundance  of  calcium.  On  section  a  small  number  of  pan- 
creatic lobules  were  seen,  enclosed  in  broad  bands  of  fibrous 
tissue.  Few  ducts  were  visible,  all  similarly  enclosed  in  fibrous 
tissue.  The  fibrous  tissue  constituted  the  bulk  of  the  struc- 
ture. It  penetrated  between  the  individual  acini.  It  contained 
numerous  large  mononuclear  cells  and  leucocjtes,  few  plasma- 
cells,  and  a  moderate  number  of  mast-cells.  There  were  nu- 
merous large  cells  enclosing  j'ellow  and  brown  pigment  gran- 
ules. These  appeared  to  be  phagocytic  cells.  The  areas 
of  fat-necrosis  were  encapsulated  by  fibrous  tissue  of  the  same 
character,  and  stained  intensely  with  hremato-xylin.  The  fat- 
necroses  were  larger  and  more  numerous,  and  the  changes  in 
the  pancreas  more  striking  than  in  any  of  the  others  of  this 
series. 

Case  D. — Buffalo  General  Hospital,  Feb.  21,  1900.  J.  X., 
male,  age  49,  lobar  pneumonia,  horseshoe  kidncv.  A  small  ac- 
cessory pancreas  occurred  below  the  mucous  membrane  of 
the  jejunum.  The  pancreas  was  large  and  iirm,  weight  14.3 
grams,  showing  moderate  fatty  infiltration.  Several  small, 
yellowish-white  nodules  2  to  4  m.m.  in  diameter  occurred  in 
the  interlobular  tissue.  They  proved  to  be  fat-necroses,  sur- 
rounded by  fibrous  tissue,  rich  in  spindle-shaped  cells.  In  one 
case  a  small  vein  close  by  contained  a  thrombus  of  leucocytes. 
The  pancreatic  ducts  were  filled  with  desquamated  epithelium, 
leucocj'tes  and  granular  material. 

AUTO-DIGESTION    OK    THE   PANCREAS. 

In  this  connection  the  auto-digestion  of  the  pancreas  described 
by  Chiari',  is  of  great  interest.  Chiari  encountered  two  cases 
at  autopsy,  showing  necrosis  of  the  jjarenchyma  of  the  pan- 
creas with  secondary  formation  of  fibrous  tissue.  Having  in 
mind  the  possibility  that  this  necrosis  might  have  been  due  to 
the  action  of  pancreatic  ferments,  he  examined  the  pancreas  at 
seventy-five  autopsies,  finding  that  necrosis  of  the  acini  was 
absent  only  in  lliiri  vfivc,  wlii(  li  were  not,  in  llu-  main,  e.vani- 
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ined  sooner  after  deatli  than  the  other  cases.  In  the  forty 
cases  in  which  necrosis  of  the  acini  was  present,  it  either  in- 
volved nearly  the  whole  pancreas,  or  was  localized  and  scat- 
tered. The  nuclei  of  the  epithelial  cells  of  the  necrotic  acini 
refused  to  stain,  and  the  protoplasm  of  these  cells  had  a  homo- 
geneous appearance.  The  interstitial  tissue  also  was  some- 
times necrotic.  In  the  absence  of  any  other  cause,  it  seemed 
probable  that  these  necroses  were  due  to  the, "agonal"  or  post- 
mortem action  of  the  ferments  of  the  pancreas.  In  seven  cases 
the  necrosis  was  supposed  to  be  "agonal,"  on  account  of  being 
accompanied  by  some  extravasation  of  blood.  No  relation  to 
any  closure  of  the  duct  of  Wirsung  was  demonstrated,  and  no 
reason  was  discovered  for  the  presence  of  the  condition  in 
about  one-half  of  the  cases,  and  its  absence  in  the  other  half. 

In  the  course  of  his  examinations  of  the  pancreas,  the  writer 
has  frequently  seen  a  condition  similar  to  that  described  by 
Chiari.  He  has  several  times  observed  that  groups  of  acini 
whose  cells  failed  to  take  a  nuclear  stain,  occurred  close  to 
fat-cells  which  were  opaque  from  the  presence  of  granules  and 
crystals.  Evidently  there  is  a  close  analogy  between  the  alter- 
ation of  protoplasm  by  certain  pancreatic  ferments  as  main- 
tained by  Chiari,  and  the  decomposition  of  the  fats  in  fat-cells, 
probably  by  the  fat-splitting  ferment. 

Chiari's  observations  have  important  bearings  with  relation 
to  the  genesis  of  pancreatic  cysts  and  to  the  frequency  of 
haemorrhages  in  the  pancreas,  which  cannot  be  discussed  here. 
It  was  long  ago  suggested  by  Klebs  (quoted  by  Chiari),  that  a 
corrosive  action  of  the  pancreatic  juice  might  be  the  cause  of 
pancreatic  hemorrhages. 

Several  writers  have  called  attention  to  the  resemblance  of 
these  phenomena  to  the  part  played  by  the  gastric  juice  in 
producing  peptic  ulcer  of  the  stomach  and  auto-digestion  of 
the  wall  of  the  stomach.  The  alterations  seen  in  certain  cells 
of  the  gastric  glands  when  the  tissues  are  not  fresh,  well 
known  to  histologists,  are  doubtless  of  the  same  chai-acter. 
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FAT-XECROSIS  IX  THE  PANCREAS  OF  THE  HOG. 

Balser,  who  was  the  first  to  describe  fat  necrosis  in  the  hu- 
man subject  accurately,  was  also  the  first  to  stud}'  its  appear- 
ance in  the  hog  in  detail.  He  found  it  in  the  fat-tissue  in  or 
about  the  pancreas  in  nearly  all  Hungarian  swine,  frequently 
in  Algerian,  and  in  a  few  German  swine.  He  found  in  the  ne- 
crotic ncjduies  bodies  resembling  the  fungus  of  actinomycosis. 
In  order  to  determine  whether  or  not  fat-necrosis  occurred  in 
American  hogs  the  writer  examined  the  pancreas  in  one  hun- 
dred hogs.  It  was  impossible  to  learn  anything  more  concern- 
ing the  animals  than  that  they  were  raised  either  in  Ohio,  In- 
diana, Illinois  or  Michigan,  and  were  apparentlj-  sound  and 
healthy.  The  pancreas  of  the  hog  is  surrounded  by  a  quan- 
tity of  adipose  tissue,  which  is  also  abundant  between  the  lob- 
ules. The  fat-cells  are  very  large.  Little  white  flecks  consist- 
ing of  single  fat-cells  or  groups  of  fat-cells  are  often  seen  in 
the  pink  parenchyma.  Not  rarely  one  meets  with  dark  red 
spots  in  the  parench\-ma,  several  millimetres  in  diameter,  ap- 
parently the  result  of  haemorrhage.  The  organ,  taken  as  fresh 
as  possible,  was  cut  in  slices  one  to  three  millimetres  thick, 
and  each  slice  carefully  examined.  In  two  cases  fat-necrosis 
was  found. 

In  one  of  these  the  number  of  areas  of  fat-necrosis  was  not 
large  and  they  were  confined  to  a  limited  region.  In  the  other 
they  were  numerous  and  were  scattered  throughout  the  organ. 
They  were  not  conspicuous,  being  distinguished  by  their  more 
yellow  color,  which  contrasted  with  the  white,  normal  fat. 
They  appeared  much  like  minute  abscesses,  but  were  somewhat 
haicler  than  the  normal  fat.  In  shape  they  were  irregular. 
Their  various  dimensions  were  one  to  two  millimetres  only. 
They  nearly  always  impinged  on  one  side  against  a  portion  of 
the  parenchyma.  Frozen  sections  showed  them  to  be  made  of 
fat-cells,  rendered  opaque  by  the  presence  of  numerous  needle- 
shaped  crystals,  frequently  arranged  in  the  form  of  a  ring 
about  the  circumference  of  the  cell.  They  contained  an  abund- 
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ance  of  calcium.  Sections  stained  in  liaematoxylin  and  eosin 
gave  the  appearances  already  described.  (Plate  III,  Fig.  4.) 
The  contents  of  the  areas  exhibited  usually  a  strong  blue  stain. 
The  borders  were  surrounded  by  a  band  of  connective  tissue 
with  numerous  connective  tissue  cells,  and  a  small  number  of 
polynuclear  leucocytes.  Leucocytes  also  occurred  in  small  num- 
bers among  the  cells  ot  the  necrotic  areas.  Often  the}-  were 
in  rounded  clumps,  corresponding  to  the  outlines  of  a  fat-cell, 
and  suggesting  that  they  might  have  migrated  into  the  interior 
of  a  necrotic  cell.  The  ray-fungus  described  by  Balser  after 
using  the  Ehrlich-Biondi  stain  was  not  found;  nor  were  the 
hcemorrhages  about  the  necrotic  areas.  Examination  of  sec- 
tions for  bacteria  was  negative.  Cultures  were  not  made.  The 
parench3'ma  of  the  pancreas  was  not  remarkable.  None  of 
the  other  orofans  were  examined. 


EXPERIMENTAL  FAT-NECROSIS. 

The  relation  existing  between  fat-necrosis  and  affections  of 
the  pancreas,  and  especiallv  pancreatitis,  has  been  demonstrated 
by  Fitz",  and  has  been  illustrated  by  the  cases  reported  above. 
As  has  already  been  stated,  the  essential  change  in  fat-necrosis 
isa  decomposition  of  the  neutral  fat  molecule  into  its  component 
fatty  acid  and  glvcerine.  Frequently,  if  not  always,  the  fatty 
acid  unites  with  calcium  to  lorm  a  new  compound,  which  is  a 
soap.  It  is  remarkable  that  the  fat-splitting  ferment  of  the 
pancreas  accomplishes  this  very  decomposition  of  neutral  fats. 
Certain  experiments  reported  within  the  last  few  years  seem 
to  show  the  exact  nature  of  the  connection  between  fat-necrosis 
and  affections  of  the  pancreas. 

Hlava''  excited  a  hasmorrhagic  pancreatitis  with  fat-necrosis 
in  a  cat  by  injecting  the  diphtheria  bacillus  into  the  pancreas 
after  laparotomy. 

Langerhans-  suggested  that  the  decomposition  of  neutral 
fats  which  occurs  in  this  process  might  be  accomplished  by 
the  fat-splitting  ferment  of  the  pancreas.     He  announced  that 


Plate  III. 

Fig.  I.  Cat  8.  Fat-necrosis  in  tlie  perirenal  adipose  tissue 
showing  the  outlines  of  the  affected  cells  faintly,  and  cell-infil- 
tration about  the  necrotic  area.  Celloidin  section  ;  borax  car- 
mine ;  low  power ;  photo-micrograph. 

Fig.  2.  Cat  22.  Fat-necrosis  in  the  oniLiilimi,  siiowing  the 
opacity  of  the  area,  and  the  outlines  of  the  altered  colls  in  it : 
frozen  section  ;  low  power;  photo-niicrograjih. 

Fig.  3.  Spontaneous  fat-necrosis  in  the  omentum  of  a  cat, 
celloidin  section  :  ha'matox3-lin  and  eosin ;  X  ^o;  photo-micro- 
graph. 

Fig.  4.  Hog.  Small  area  of  fatnecrosis  close  to  the  pan- 
creas ;  celloidin  section  ;  haimatoxj'lin  and  eosin ;  X  80 ;  photo- 
micrograph. 
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he  had  succeeded  in  producing  fat-necrosis  in  a  rabbit.  This 
was  the  onh-  positive  result  among  twelve  animals  (rabbits  and 
dogs)  experimented  upon.  He  made  use  of  a  suspension  of 
rabbit's  pancreas  in  distilled  water,  which  was  injected  into  the 
adipose  tissues.  His  positive  experiment  is  open  to  the  objec- 
tion that  bacterial  contamination  was  not  excluded  with  cer- 
tainty. 

Dr.  Whitney,  of  the  Harvard  Medical  School,  allows  me  to 
state  that  he  ligated  the  pancreas  in  a  number  ot  dogs  and 
produced  fat-necrosis  in  one  of  them.  No  detailed  account  of 
his  work  has  been  published. 

Hildebrand'^  and  his  student,  Dettmei^',  placed  a  ligature 
about  the  gastro-splenic  portion  of  the  pancreas,  to  prevent 
the  discharge  of  its  secretion  through  the  duct,  in  two  cats ; 
and  in  six  others  they  performed  the  same  operation  and  also 
ligated  the  veins  leaving  the  organ.  In  all  cases  fat-necrosis 
was  found  about  the  pancreas.  They  were  also  successful  in 
producing  it  three  times  by  introducing  portions  of  the  pan- 
creas of  one  cat  into  the  abdominal  cavity  of  another.  In  one 
instance  they  obtained  it  after  removing  a  piece  from  the  organ 
and  leaving  the  distal  portion  without  ligature.  Hildebrand, 
furthermore,  injected  pure  trypsin  into  the  abdominal  cavitv, 
and  found  that  hcemorrhages  into  the  peritoneum  resulted. 
He  suggested  that  the  hemorrhages,  so  frequent  in  pancreatic 
affections,  might  be  due  to  the  action  of  trypsin,  while  the  fat- 
splitting  ferment  was  responsible  for  fat-necrosis. 

Hildebrand  and  Milisch,  Flexner',  Katz  and  Winkler",  Opie" 
and  others  have  continued  and  enlarged  upon  these  experi- 
ments with  confirmatory  results. 

Rosenbach,  and  his  pupil  Jung'',  w-ith  a  similar  object  in 
view,  introduced  trj-psin  and  at  other. times  portions  of  pan- 
creas, into  the  abdominal  cavities  of  rabbits.  Out  of  four 
trials  with  pieces  of  pancreas,  they  obtained  fat-necrosis  once, 
using  dog's  pancreas. 
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LIGATION   AND    INJURIES   OF  THE    PANCREAS. 

As  the  work  of  Hildebrand  seemed  to  have  been  the  most 
productive  of  results,  the  writer  first  attempted  to  verify  his 
conclusions.*  The  animals  selected  were  two  dogs,  one  rab- 
bit, and  seventeen  cats.  They  were  anaesthetized  with  ether. 
The  operations  consisted  in  the  placing  of  a  ligature  about  the 
gastro  splenic  portion  of  the  pancreas  near  the  duodenum,  or 
the  duodenal  portion  of  the  pancreas,  or  both.  In  most  cases 
as  many  as  possible  of  the  veins  leaving  the  pancreas  were  also 
tied.  In  the  majority  of  cases  the  pancreas  was  lacerated  with 
a  sharp  hook.  In  one  instance  the  gastro-splenic  portion  of 
the  pancreas  was  cut  through  on  the  distal  side  of  the  ligature. 
An  aseptic  technique  was  followed,  and  the  results  were  good 
with  the  exceptions  noted  below.  The  peritoneum  and  skin 
were  closed  separatel}^  with  silk  sutures.  The  wounds  in  the 
abdominal  wails  frequently  furnished  slight  purulent  discharg- 
es. Owing  to  the  freedom  allowed  to  tlio  animals  it  was  found 
impossible  to  secure  primary  union  in  every  instance.  Ani- 
mals that  died  during  the  first  twenty-four  hours  after  opera- 
tion were  not  included  in  this  report. 

The  operations  and  their  results  in  detail  were  as  follows : 

Dog.  Weight  7  lbs.,  li  oz.  A  silk  ligature  was  tied  about  the 
gastro  splenic  portion  of  the  pancreas.  The  animal,  while  ap- 
parenti)'  in  perfect  health,  was  killed  at  the  end  of  one  week; 
weight  8  lbs.,  6h  oz.  There  was  no  peritonitis  and  no  fat- 
necrosis. 

Dog.  Large,  fairly  nourished.  The  gastro-splenic  portion 
of  the  pancreas  was  ligated.  The  dog  was  killed  after  ten 
days,  somewhat  emaciated.  There  were  adhesions  and  sup- 
puration about  the  ligature,  but  no  general  peritonitis.  There 
was  no  fat-necrosis. 

Rabbit.     Moderately  fat.     The  gastro-splenic  portidu  ol   tiic 

pancreas  was  ligated.     The  animal  remained  in  good  condi- 

f 

*  The  (ollowing  expcrimentft  aiid  Plate  1 1 1  have  already  been  published  in  the  Boston  Medical  and 
Surgical  Jourual.^* 
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tion,  and  was  killed  after  three  weeks.     There  was  no  periton- 
itis.    There  were  traces  of  fat-necrosis  close  to  the  ligature. 

From  the  seventeen  cats  there  were  ten  negative  results.  In 
two  there  were  minute  areas  probably  ot  fat-necrosis.  In  five 
there  was  well-developed  fat-necrosis.  One  ot  the  five  exhib- 
ited disseminated  fat-necrosis.  In  detail,  the  operations  and 
results  were  as  follows,  the  order  in  which  the  cases  are  ar- 
ranged being  based  on  the  time  which  elapsed  between  the 
operation  and  the  autopsy  : 

Cat  II.  Weight  6  lbs.,  14  oz.  The  gastro-splenic  pcjrtion  of 
the  pancreas  was  ligated.  The  animal  was  killed  at  the  end  of 
one  week ;  weight  6  lbs.,  5  oz.  There  was  no  fat-necrosis  nor 
peritonitis. 

Cat  8.  Weight  4  lbs.,  i  oz.,  but  fat.  The  gastro-splenic 
portion  of  the  pancreas  was  ligated.  The  animal,  while  ap- 
parently healthy,  was  killed  after  one  week  ;  weight  4  lbs.,  2\ 
oz.  There  was  no  peritonitis.  Small  nodules  of  fat-necrosis 
were  discovered  in  the  interlobular  pancreatic  fat  and  in  the 
omental  fat.  There  was  one  nodule  in  the  perirenal  fat  (Plate 
III,  Fig.  i),  and  one  in  the  mesorectum.  No  bacteria  could  be 
demonstrated  b}'  staining  methods  in  or  near  these  areas. 

Cat  6.  Weight  7  lbs.,  10  oz.,  well  nourished.  The  gastro- 
splenic  portion  of  the  pancreas  was  ligated.  The  cat  was 
killed  after  two  weeks;  weight  6  lbs.,  13  oz.  There  was  no 
fat-necrosis  nor  peritonitis. 

Cat  7.  Weight  7  lbs.,  4  oz.,  fat.  The  gastro-splenic  portion 
of  the  pancreas  was  ligated.  The  cat  was  killed  after  three 
weeks;  weight  5  lbs.,  13-^-  oz.  A  few  minute  spots,  probably 
of  fat-necrosis,  were  found  in  the  omental  fat.  Staining  meth- 
ods showed  no  bacteria  in  or  about  them.  There  was  no  per- 
itonitis.    This  was  one  ot  the  two  cases  classed  as  doubtful. 

Cat  4.  Weight  4  lbs.,  8^  oz.,  poorly  nourished.  The  gastro- 
splenic  portion  of  the  pancreas  was  ligated.  The  cat  remain- 
ing healthy  was  killed  after  four  weeks ;  weight  4  lbs.,  2\  oz. 
There  was  no  fat-necrosis  nor  peritonitis. 

Cat  3.     Weight  6  lbs.,  3  oz.,  fat.     The  duodenal  portion  of 
the  pancreas  was  ligated.     The  cat  was  killed  after  one  week, 
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then  seeming  to  be  in  good  condition.  There  was  no  perito- 
nitis. Traces  of  fat-necrosis  appeared  close  to  the  ligature. 
This  was  the  second  of  the  two  cases  classed  as  doubtful. 

Cat  13.  Weight  5  lbs.,  15^^  oz.  Both  the  gastrosplcnic  and 
the  duodenal  portions  of  the  pancreas  were  ligated,  and  as 
many  as  possible  of  the  veins  leaving  the  gastro-splenic  por- 
tion were  tied,  and  the  continuity  of  the  tissue  of  the  pancreas 
was  broken  by  a  sharp  hook  passed  into  it  beneath  the  peri- 
toneum. The  animal  died  after  four  days,  being  much  emaci- 
ated. The  autopsy  was  unavoidably  delayed  until  about  thirty- 
six  hours  after  death.  There  was  no  peritonitis.  There  were 
several  thin,  flat  areas  of  fat-necrosis  on  the  surface  of  the 
omentum.  The  mucous  membrane  of  the  pyloric  end  of  the 
stomach  showed  a  number  of  small  round  excavations  having 
all  the  characteristics  of  peptic  ulcers.  All  the  peritoneal  sur- 
faces were  abundantly  covered  with  large  bacilli,  stained  by 
Gram's  method.  No  relation  in  their  distribution  to  the  spots 
of  fat-necrosis  could  be  made  out.  Similar  bacilli  were  pres- 
ent in  large  numbers  on  the  mucous  membrane  of  the  stomach 
and  duodenum,  extending  into  the  subperitoneal  tissues  and 
about  the  pancreas.  In  view  of  the  long  time  that  elapsed  be- 
fore the  autopsy  was  made  they  were  not  regarded  as  ot  im- 
portance. 

Cat  18.  Both  the  gastro  splenic  and  the  duodenal  portions 
of  the  pancreas  were  surrounded  with  ligatures,  as  well  as  the 
veins  leaving  the  former.  The  cat  died  after  forty -eight  iiours. 
There  was  no  fat-necrosis  nor  peritonitis. 

Cat  19.  The  operation  and  result  were  similar  to  tiiose  in 
Cat  18. 

Cat  21.  Weight  4  lbs.,  A  oz.  The  gastro-splenic  portioii  of 
the  pancreas  was  ligated  and  as  many  as  possible  of  tiic  veins 
issuing  from  it,  and  the  substance  of  the  organ  was  broken 
with  a  hook.  The  animal  died  after  fi)ur  days;  weight  3  lbs., 
I  lA  oz.  The  autopsy  was^made  in  less  than  twenty-four  hours. 
The  peritoneal  surfaces  were  covered  with  a  hbrinous  exudate. 
Beneath  the  ])eritoneal  exudate  a  few  thin,  flat,  white  areas 
were  seen,  which  proved  to  be  necrotic  adipose  tissue.     The 
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exudate  contained  great  numbers  of  diplococci  and  fewer  lai;ge 
bacilli,  both  staining  by  Gram's  method.  The  diplococci  alone 
were  recovered  in  cultures.  They  grew  feebl)',  not  liquefying 
gelatine,  and  very  quickl}^  died  out.  In  sections,  no  grouping 
of  the  micro-organisms  with  reference  to  the  spots  of  fat-ne 
crosis  could  be  demonstrated. 

Cat  22.  Weight  4  lbs.,  13^^  oz.,  not  fat.  The  gastro-splenic 
portion  of  the  pancreas  and  the  veins  leaving  it  were  ligated, 
and  its  substance  was  injured  as  in  the  other  cases.  The 
wound  in  the  abdominal  wall  suppurated.  The  cat  was  killed 
on  the  fifth  day  after  the  operation ;  weight  4  lbs.  At  the 
autopsy,  which  was  made  immediately,  the  writer  was  aston- 
ished to  find  in  the  abdominal  cavity  a  condition  of  dissemi- 
nated fat-necrosis  comparable  to  that  occurring  in  man.  (Plate 
IV.)  In  the  vicinity  of  the  pancreas,  the  retroperitoneal  and 
omental  fat  was  swollen,  white  and  opaque,  over  an  extent 
reaching  twelve  millimetres  or  more  from  the  pancreas,  and 
radiating  from  it  in  irregularly  shaped  masses.  Smaller 
areas  of  similar  character  were  scattered  in  great  numbers 
through  the  omental  tat  and  that  of  the  mesentery  along  its 
entire  length,  even  to  the  mesorectum.  They  occurred  also 
in  the  perirenal  fat.  There  was  no  peritoneal  exudate  The 
animal  was  nevertheless  the  subject  of  an  infection,  proceeding, 
no  doubt,  from  the  wound  in  the  abdominal  wall.  The  pus  in 
this  wound  contained  a  variety  of  organisms,  among  them 
diplococci  and  large  bacilli.  Although  examination  ot  cover- 
slips  was  negative,  cultures  from  the  spots  of  fat-necrosis  and 
from  the  liver  3-ielded  diplococci  or  short  streptococci,  growing 
at  room  temperature,  not  liquefying  gelatine,  forming  minute 
white  circular  colonies  on  agar,  and  staining  by  Gram's  method. 
Cultures  from  the  pancreas  and  the  blood  of  the  right  heart 
were  negative.  The  distribution  of  the  necrotic  spots,  especi- 
ally of  those  in  the  mesentery,  made  them  appear  suspiciously 
like  minute  abscesses,  but  the  microscope  revealed  their  true 
character ;  nevertheless  their  arrangement  was  very  suggestive 
of  embolism.  In  a  section  of  the  mesentery,  diplococci  were 
found  in  and  about  one  of  the  areas  of  fat-necrosis,  and  also,  in 


Plate  1\'. 

Disseminated  fat-necrosis  in  Cat  22  following  ligation  of  the 
pancreas.  General  appearance  of  the  abdominal  cavity,  seen 
partly  from  the  right  side.  A  is  the  pancreas,  B  is  placed  on 
the  large  masses  of  necrotic  adipose  tissue  in  tlu'  omentum. 
Numerous  small  localized  fat-necroses  are  seen  in  the  mesen- 
tery. 


PLATE    IV. 
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smaller  numbers,  at  points  in  the  mesentery  remote  from  it. 
Otherwise,  the  examinations  of  sections  of  the  necrotic  areas 
for  bacteria  were  negative. 

Cats  27,  29,  31,  32  and  36  were  good-sized  and  healthy.  In 
each  case  the  gastro-splenic  portion  of  the  pancreas  was  con- 
stricted b\-  a  ligature  near  the  duodenum,  as  many  as  possible 
of  the  veins  leaving  it  were  tied,  and  the  tissue  of  the  pancreas 
was  lacerated  as  in  the  other  cases.  The  animals  all  made  good 
recoveries.  Their  abdomens  were  opened  at  periods  varying 
from  eight  to  seventeen  days.  There  was  no  peritonitis,  and 
no  fat-necrosis  in  au}^  case. 

Cat  34.  Large  and  rather  fat.  The  gastro-splenic  portion 
of  the  pancreas  was  ligated  near  the  duodenum,  and  the  pan- 
creas was  then  cut  completely  through  on  the  distal  side  of 
the  ligature,  with  the  intention  of  allowing  its  secretion  to 
fiow  into  the  peritoneal  cavity.  The  animal  died  at  the  end  of 
a  week.  The  autopsy  was  made  eighteen  hours  after  death. 
The  peritoneal  sutures  were  found  to  have  given  way.  The 
abdominal  cavity  contained  a  quantity  of  pinkish-white  turbid 
fluid.  The  peritoneal  surfaces  were  congested  and  covered 
with  a  thick  layer  of  fibrin.  The  adipose  tissue  of  the  omen- 
tum appeared  swollen  and  cedematous.  Irregular  white  patches 
of  necrotic  adipose  tissue  were  seen  in  the  omentum  and  in  the 
vicinity  of  the  gastro-splenic  portion  of  the  pancreas,  especially 
near  the  cut  extremity.  Smears  made  from  the  peritoneal 
exudate  showed  it  to  contain  many  large  bacilli,  and  minute 
cocci.  Cultures  made  from  the  peritoneum,  the  viscera,  and 
the  blood  gave  only  minute  white  colonies  of  diplococci,  staining 
by  Gram's  method,  lancet-shaped  and  like  the  diplococcus  of 
pneumonia  in  form.  Sections  of  the  necrotic  adipose  tissue 
and  of  the  pancreas  exhibited  great  numbers  of  large  bacilli 
and  diplococci,  by  the  Gram-Weigert  method,  mostly  on  the 
surfaces,  and  not  showing  any  special  relation  to  the  areas  of 
fat-necrosis.  Sections  of  the  pancreas  demonstrated  necrosis 
of  the  fat-cells  about  it  and  in  the  interlobular  septa  in  a  strik- 
ing manner. 

Histology  of  the  Fat-Necroses. — In  all  of  the  animals  studied, 
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the  diagnoses  were  based  on  tlie  microscopic  examination  of 
the  tissues,  which  is  indispensable.  Many  pictures  of  great 
beauty  illustrating  the  condition  were  obtained.  The  tissues 
hardened  in  alcohol  were  found  to  be  very  well  adapted  to 
histological  purposes.  A  four  per  cent,  solution  of  formalde- 
hyde preserved  the  macroscopic  appearances  more  satisfac- 
torily. One  per  cent,  osmic  acid  solution  makes  an  excellent 
hardening  agent,  as  the  necrotic  areas  are  not  stained  black 
by  osmic  acid.  The  areas  of  fat-necrosis  were  sometimes 
rounded  and  nodular,  about  one  to  two  millimetres  in  diame- 
ter; sometimes  thev  were  broad  and  thin.  The}'  occurred 
exclusivel)'  in  the  fat  adjacent  to  the  peritoneum,  usually  in 
immediate  contact  with  it.  A  disposition  of  the  necrotic 
process  to  affect  tiie  vicinity  of  the  ligatures  about  the  jiaii- 
creas  or  the  veins  was  noted,  but  it  was  not  constant  or  very 
marked.  In  recently  killed  animals  the  recognition  of  the 
areas  was  easy,  owing  to  their  opacity,  contrasting  with  the 
relatively  transparent  norma!  fat ;  when  a  peritoneal  exudate 
was  present,  it  was  often  difficult  to  recognize  them  beneath 
the  layer  of  fibrin. 

In  frozen  sections  the  areas  were  opaque,  contrasting  with 
the  neighboring  fat.  (Plate  III,  Fig.  2.)  A  brown  tinge  was 
often  visible.  Such  complete  disorganization  of  the  adipose 
tissue  as  occurs  in  the  human  subject  was  in  no  instance 
observed.  The  areas  consisted  of  rounded  bodies  similar  in 
outline  to  the  fat-cells.  In  most  cases  the  contents  of  these 
bodies  were  minute  needle-shaped  crystals.  Frequently  the 
crystals  were  arranged  in  a  radial  manner  at  the  circumference 
of  the  circle.  The  central  portion  was  then  empty  or  con- 
tained oil  droplets.  Such  bodies  in  transverse  sections 
appeared  as  rings.  (Plate  III,  Fig.  4.)  Calcium  salts  were 
demonstrated  in  some  nodules  in  abundance.  The  contents  of 
the  necrotic  cells  in  balsam  preparations  usually  appeared 
homogeneous,  although  their  crystalline  nature  was  sometimes 
discernible.  They  reacted  variously  with  stains,  in  some 
instances  showing  an  allinity  for  cosin,  in  others  staining  deej) 
blue  with  ha-matoxylin.      I  lie  more  intense  hasmatoxylin  stain 
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noted  in  some  nodules,  the  writer  supposes,  to  have  been  due 
to  an  abundance  of  calcium  salts.  The  nuclei  of  the  necrotic 
cells  could  not  be  identified.  The  amount  of  cell-infiltration 
about  the  nodules  of  fat-necrosis  was  quite  variable.  In  some 
examples  it  was  very  slight,  more  often  it  formed  a  distinct 
band  about  the  circumference  where  it  was  mingled  with 
granules  most  of  which  stained  deeply  with  nuclear  dyes. 
Frequentl}-  it  passed  widely  into  the  surrounding  tissues.  The 
cells  were  in  part  polynuclear  leucoc\tes.  In  part  the}' 
were  larger,  mononuclear  elements  rounded  or  spindle-shaped 
in  form,  with  round  or  oval  nuclei.  They  generally  were  of 
moderate  size,  though  quite  variable  in  this  respect.  Frag- 
mentation of  nuclei  was  a  prominent  feature  in  this  zone,  the 
fragmentation  being  most  extensive  in  the  region  immediately 
adjacent  to  the  necrotic  fat. 

In  and  around  the  areas  of  fat-necrosis  numerous  granules  and 
rounded  masses  occurred,  staining  with  carmine,  haematoxylin, 
and  by  the  Gram-Weigert  method.  Some  of  these  were  evi- 
dently fragmented  nuclei ;  others  were  hyaline  in  character : 
others,  which  stained  ver}-  deeply  with  ha;matox3"lin,  were 
supposed  to  contain  calcium.  These  granules  were  often  so 
numerous  as  to  obscure  the  nuclei  at  the  margin  of  the  area. 
They  rendered  the  search  for  bacteria  in  sections  difficult  and 
unsatisfactory. 

The  changes  taking  place  in  the  pancreas  were  studied  only 
with  reference  to  the  question  in  hand,  and  the  account  of 
them  must  be  brief.  The  ligatures  about  the  pancreas  were 
found  enclosed  in  a  zone  of  leucocytes  or  good-sized  mononu- 
clear cells,  or  both,  and  often  also  of  fibrous  tissue.  The  cell- 
infiltration  frequently  passed  into  the  interlobular  connective 
tissue  of  the  pancreas  and  over  its  surface.  In  the  animals 
that  were  allowed  to  live  longest  there  were  marked  atrophy 
and  induration  of  the  ligated  extremity  of  the  organ,  which 
the  microscopic  examination  showed  to  be  due  to  an  atroph\' 
of  the  acini  and  an  abundant  formation  of  fibrous  tissue 
between  the  lobules,  and  even  between  the  acini.  Desqua- 
mation of  the  epithelial  lining  of   the  ducts  was  of  frequent 


■i*  •  Fat-Necrosis. 

but  not  invariable  occurrence.  There  was  less  dilatation  of 
the  ducts  on  the  distal  side  of  the  ligature  than  one  might 
have  expected  to  encounter.  The  writer  is  unable  to  say  with 
confidence  that  there  was  more  interstitial  pancreatitis  or  any 
other  characteristic  morbid  condition  of  the  pancreas  in  the 
animals  that  showed  fat-necrosis  than  in  those  that  did  not. 

In  nearly  all  cases  sections  of  the  liver,  spleen  and  kidneys 
were  examined,  but  no  alteration  was  discovered  that  appeared 
to  have  any  relation  to  the  question  in  hand.  No  tcndenc\'  to 
hcEmorrhages  of  a  marked  or  constant  type  was  noted  in 
any  of  the  tissues.  The  urine  was  examined  for  sugar  in  the 
majority  of  cases,  and  none  was  found. 

Although  the  writer  was  less  successful  than  Ilildebrand, 
his  work  renders  it  evident  that  ligation  of  the  pancreas  in  the 
cat  may  lead  to  fat-necrosis.  It  is  significant  that  the  areas  of 
fat-necrosis  were  observed  only  in  close  connection  with  the 
peritoneal  cavity,  and  especially  in  the  neighborhood  of  the 
pancreas,  wiiich  would  make  contact  of  the  pancreatic  juice 
with  these  areas  intelligible.  The  circumscribed  character 
which  they  usually  exhibited  and  their  occurrence  at  points 
remote  from  the  pancreas  are  difficult  to  account  for.  The 
simultaneous  existence  of  a  streptococcus  infection  in  cats  21, 
22  and  34  is  noteworthy. 

Summary :  The  operations  above  described  were  performed 
on  twenty  animals.  Well-marked  fat-necrosis  resulted  in  five  ; 
it  was  trifling  or  doubtful  in  tiucc;  and  was  absent  in  twelve 
cases. 


I.IG.\T10N    .AND    INJURIES   OF    THE    PANCREAS    COMlilNED    Wnil 
INEECTION  WITH  PYOGENIC  BACTERIA. 

In  order  to  discover  whether  bacteria  played  any  imixutaut 
role  in  the  production  of  fat-necrosis,  operations  similar  t(^ 
those  described  above  were  afterwards  undertaken,  where 
infection  with  pyogenic  bacteria  was  brought  about  inten- 
tionally. 

Cat  37.     Large,  fat.     The  gastrosplenic  portion  of  llic  pan- 
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creas  and  some  of  the  veins  issuing  from  it  were  ligated,  the 
pancreas  was  lacerated  with  a  sharp  hook,  and  its  surface  was 
smeared  with  a  quantity  of  the  Staphylococcus  pyogenes 
aureus  from  a  fresh  culture  on  agar.  Upon  the  following 
morning  the  cat  was  found  dead.  The  autopsy  sliowed  begin- 
ning peritonitis,  and  widely  spread  fat-necrosis  in  the  adipose 
tissue  near  the  pancreas  and  in  the  omentum,  in  the  form  of  a 
thin,  flat  layer,  including  the  most  superficial  cells  just  below 
the  peritoneum.  The  Staphylococcus  pyogenes  aureus  was 
recovered  in  cultures  from  the  peritoneum,  liver  and  spleen. 
Examination  of  the  other  viscera  yielded  nothing  noteworth}-. 
Microscopic  sections  showed  well-marked  beginning  pancrea- 
titis. 

Cat  44.  Medium-sized,  fairly  well-nourished.  The  gastro- 
splenic  portion  of  the  pancreas  was  ligated  close  to  the  duo- 
denum, also  several  veins  leaving  it ;  it  was  lacerated  with  a 
sharp  hook,  and  the  surface  was  smeared  with  the  Strepto- 
coccus p3'Ogenes  from  a  culture  made  recently  from  pus, 
on  agar.  On  the  fourth  day  the  animal  was  found  dead. 
Autopsy  revealed  peritonitis,  especially  near  the  pancreas.  A 
part  of  the  tail  of  the  pancreas  was  disorganized  and  necrotic. 
There  were  numerous  evidences  of  fat-necrosis  in  the  retro- 
peritoneal fat  of  the  pancreatic  region  and  in  the  omentum, 
and  a  few  scattered  spots  appeared  in  the  mesentery  and  meso- 
rectum.  Some  of  the  areas  were  large  and  flat,  others  were 
localized.  The  lungs  showed  pneumonia  and  fibrinous  pleu- 
risy. Smears  from  the  peritoneum  yielded  a  streptococcus 
and  a  large  bacillus.  The  streptococcus  alone  was  recovered 
in  cultures.  The  evidences  of  acute  pancreatitis  were  very 
marked  in  microscopic  sections. 

Cat  45.  Large,  well-nourished.  The  gastro-splenic  part  of 
the  pancreas  was  ligated  ;  there  were  no  laceration  and  no  liga- 
tion of  the  veins,  but  the  surface  was  smeared  with  the 
Staphylococcus  pyogenes  aureus.  The  animal  remaining 
healthy  in  appearance  was  killed  at  the  end  of  a  week.  A 
single  small  area  of  fat-necrosis  was  found  close  to  the  pancreas. 
Localized  opacities  due  to  thickening  of  the  peritoneum  were 
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seen,  but  there  was  no  general  peritonitis.     Pancreatitis  was 
well-marked. 

The  proportion  of  positive  results  was  larger  from  these 
than  from  the  first  series  of  operations,  but  the  number  of 
cases  was  too  small  to  permit  one  to  draw  far-reaching  con- 
clusions. The  extensive  fat-necrosis  in  cats  37  and  44  seemed 
as  likely  to  have  been  due  to  the  laceration  of  the  pancreas  as 
to  the  introduction  of  the  pyogenic  cocci,  though  the  latter 
may  have  served  to  hasten  or  intensit}-  the  result.* 

INTRODUCTIO.V  OF   TANCREATIC    TISSUE    INTO  ADirOSE  TISSUE. 

The  writer  then  undertook  experiments  witli  a  view  to  test- 
ing the  direct  action  of  the  excised  pancreas  upon  fat-tissue, 
and  finally  succeeded  in  producing  fat-necrosis  in  this  manner. 
Satisfactory  results  were  not  secured  immediatclv,  however, 
as  will  be  seen  from  the  account  of  the  first  efft)rt  in  this  direc- 
tion. 

Cat  15.  Large  and  healthy.  The  abdomen  was  opened,  a 
piece  of  pancreas  20  m.  m.  in  length  just  removed  from  another 
cat  was  fastened  to  the  omentum  with  a  silk  ligature,  and  the 
abdomen  was  closed.  Tiie  animal  dieil  after  six  days.  The 
autopsy  was  made  twenty  four  hours  after  death.  A  fibrinous 
exudate  covered  all  the  peritoneal  surfaces.  The  eflect  of  the 
piece  of  pancreas  introduced  upon  the  adjacent  omentum  was 
not  clear.  A  small  area  of  fat-necrosis  was  discovered  on  the 
surface  of  the  left  kidney,  and  others  were  seen  in  the  omen- 
tum. Section  ot  the  animal's  own  pancreas  showed  an  acute 
pancreatitis,  apparently  originating  by  extension  inwards  from 
the  infected  peritoneum,  which  the  exposed  condition  of  the 
pancreas  in  the  cat  makes  possible.  Fat-necrosis  was  seen  in 
a  large  part  of  the  fat-tissue  in  immediate  contact  with  the 
inflamed  pancreas,  and  the  connection  between  the  two  was 
demonstrated  in  a  convincing  manner.  Cover-glass  prepara- 
tions, sections  and   cultures  showed  a   large  bacillus   and  a 

'The  experiments  ju*t  related  and  tho»c  next  to  be  deicribcd,  together  with  Plate  V,  have  been 
published  in  the  "Journal  of  F.xperitnental  Medicine."  *** 
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small  diplo-  or  strepto-coccus,  both  staining  b}^  Gram's  method, 
in  the  peritoneal  exudate,  and  in  the  pancreas. 

In  this  case,  the  conditions  seem  to  be  practicall}'  the  same 
as  those  obtained  by  Hlava  when  pancreatitis  and  fat-necrosis 
followed  from  the  injection  of  the  diphtheria  bacillus  into  the 
pancreas..  The  possibility  of  their  occurring  ought  to  be  borne 
in  mind  when  pieces  of  pancreas  or  pancreatic  extracts  are 
introduced  into  the  peritoneal  cavity  in  experimental  studies. 

Owing  to  the  danger  of  thus  confusing  the  possible  effects 
of  disease  of  the  animal's  own  pancreas  with  those  of  the  pan- 
creas artificially  introduced,  the  peritoneal  adipose  tissue  was 
deemed  an  unsuitable  location,  and  efforts  were  then  made  to 
insert  pieces  of  pancreas  into  the  subcutaneous  or  intermuscular 
fat.  As  before,  the  cat  was  the  animal  selected.  Numerous 
attempts  to  cultivate  bacteria  from  the  fresh  cat's  pancreas 
planted  upon  agar  and  kept  in  the  incubator  found  it  to  be 
sterile  in  each  case.  In  most  of  the  following  experiments  the 
pancreas  used  was  tested  for  its  fat-splitting  power,  alwa)'s 
with  positive  results.  The  locations  chosen  for  the  operations 
were  the  inguinal  regions  and  a  point  a  little  below  the 
sternum.  The  skin  of  the  vicinity  was  shaved  and  washed 
with  alcohol  and  an  antiseptic  solution.  The  instruments  and 
silk  used  were  sterilized  with  heat.  The  pancreas  was  taken 
iresh  and  with  arreat  care  from  the  abdomen  of  another  cat. 
It  was  inserted  into  the  adipose  tissues  through  a  small 
incision,  and  was  held  in  position  by  a  silk  suture,  not  passing 
through  it,  but  uniting  the  edges  of  the  tissues  at  the  bottom 
of  the  wound.  The  superficial  incision  was  closed  separately 
with  silk  and  collodion. 

Cat  27.  Thin.  A  piece  of  fresh  pancreas  from  another  cat 
was  introduced  through  a  small  incision  into  the  subcutaneous 
adipose  tissue  of  the  right  inguinal  region.  After  four  days  a 
large  abscess  had  resulted,  undoubtedly  from  accidental  infec- 
tion. The  animal  was  killed  and  the  abscess  removed  entire 
for  histological  examination.  Besides  the  ordinary  changes  of 
suppuration,  the  walls  of  the  abscess  showed  areas  of  fat-cells 
presenting  a  reddish-blue  stain  with  htematoxylin  and  eosin 
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and  contents  having  the  homogeneous  appearance  seen  in 
undoubted  (at-necrosis.  Some  cells  exhibited  large  needle- 
shaped  crystals.  Owing  to  the  occurrence  of  suppuration  the 
result  was  considered  indecisive,  but  as  probably  indicating 
fat-necrosis. 

Cat  30.  Healthy,  young  animal,  quite  fat.  Portions  of  fresh 
pancreas  from  another  cat  were  introduced  into  the  subcuta- 
neous adipose  tissue  of  the  right  inguinal  region  and  into  the 
adipose  tissue  below  the  sternum  behind  the  linea  alba.  After 
four  da^s  the  points  of  introduction  had  become  immense 
abscesses.  Tiie  animal  was  killed  and  both  abscesses  were 
removed  entire.  The  histological  examination  gave  the  same 
result  as  in  the  last  case. 

Cat  T)i.  Healthy  young  cat,  well-nourished.  Three  locali- 
ties were  utilized  for  the  introduction  of  cat's  pancreas  into 
the  adipose  tissues  :  the  middle  line  below  the  sternum,  the 
middle  line  above  the  sj^mphysis  pubis,  and  the  right  inguinal 
region.  After  five  days  abscess  formation  had  begun,  so  that 
the  animal  was  killed  and  the  abscesses  were  excised.  The 
histological  examination  detected  no  fat-necrosis. 

Cat  35.  Large,  well-nourished.  A  piece  of  fresh  cat's  pan- 
creas was  introduced  below  the  sternum  in  the  same  manner 
and  with  the  same  precautions  as  jjreviously,  exce]U  that  a 
portion  of  adipose  tissue  was  excised  to  make  room  for  the  piece 
ot  pancreas.  After  three  days  an  immense  abscess  had 
resulted.  The  animal  was  killed  and  the  abscess  removed. 
The  examination  of  sections  with  the  microscope  gave  the 
changes  to  be  expected  for  suppuration,  with  alterations  in  the 
fat-cells  similar  to  those  already  mentioned  for  cats  27  and  30. 

The  experiments  just  described  seemed  to  show  the  lutility 
of  continuing  along  the  lines  followed  in  them.  Although 
cultures  were  not  made  from  the  abscesses  encountered,  it  was 
sulliciently  evident  that  thev  proceeded  from  injection.  In 
cases  related  hereafter,  where  identical  results  were  obtained, 
the  micro-organisms  causing  the  su|)puration  were  demon- 
strated. (Cats  43  and  50.)  It  was  impossible  to  determine 
how  far  the  changes  in  the  tissues  were  to  be  attributed  to 
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bacteria,  and  how  far  to  the  working  of  the  pancreatic  fer- 
ments. As  has  been  remarked,  infection  probably  took  place 
from  organisms  on  the  skin,  as  the  pancreas  was  removed 
with  such  care  as  to  render  it  above  suspicion.  The  writer 
has  been  led  to  suspect  that  the  pancreas  may  be  possessed 
of  irritating  properties  which  make  the  tissues  in  contact  with 
it  extremely  liable  to  infection. 

In  order  to  observe  the  effects  of  perfect!}^  sterile  pancreas 
on  the  tissues  the  following  technique  was  devised, 
which  can  be  recommended  when  it  is  desired  to 
insert  solid  substances  hypodermically.  A  cannula 
of  glass  of  the  size  and  shape  represented  in  the 
accompanying  figure  was  made  from  ordinary  glass 
tubing.  It  was  sterilized  in  a  Petri  dish,  and  the  por- 
tion of  pancreas  to  be  used  was  placed  in  the  large 
end,  with  a  bit  of  sterile  black  silk.  The  pancreas 
and  silk  were  forced  along  to  the  small  end  with  a 
stiff  platinum  wire.  The  skin  having  been  shaved, 
cleaned  and  rendered  aseptic  as  far  as  possible,  a 
small  incision  was  made  through  it.  The  adipose 
tissues  underlying  it  were  nicked.  The  small  end 
of  the  cannula  was  then  forced  into  the  adipose  tissue 
three  or  four  centimetres.  The  pancreas  and  bit 
ol  silk  were  pushed  out  ol  it  by  the  wire,  depos- 
iting them  in  the  desired  locality,  after  the  with- 
drawal of  the  cannula.  The  surface  wound  was 
closed  with  one  or  two  sutures.  The  success  of  this 
plan  was  very  gratifying.  In  seventeen  experiments 
made  according  to  it  upon  nine  cats,  eleven  were 
satisfactory  in  excluding  bacteria,  while  infection 
occurred  in  but  four  instances,  and  two  experiments 
in  another  animal  indicated  doubtful  infection.  The 
black  silk  served  admirably  to  identif}-  the  point  of 
introduction. 

Cat  38.  Large,  fat.  Pieces  of  fresh  cat's  pancreas 
one  or  two  millimetres  in  diameter  were  inserted 
into  the  adipose  tissues  just  below  the  sternum  and 
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in  the  right  inguinal  region,  after  the  manner  above  described. 
On  the  twelfth  day  there  had  been  no  evidence  of  intlanima- 
tion,  and  the  wounds  in  the  skin  were  nearly  closed.  The 
animal  was  killed.  The  points  where  the  pancreas  had  been 
inserted  were  at  once  located  b\-  means  of  the  black  silk. 
Agar  tubes  were  inoculated  from  both,  and  placed  in  the  incu- 
bator. These  tubes  remained  sterile.  Serial  sections  of  botii 
regions  were  cut;  tiiose  from  below  the  sternum  were  nega- 
tive ;  in  the  inguinal  region  a  small  area  of  fat-necrosis  was 
found. 

Cat  39.  Large,  fat,  not  very  vigorous.  Pieces  of  fresh  cat's 
pancreas  one  or  two  millimetres  in  diameter  were  inserted 
through  the  sterile  cannula  into  the  adipose  tissues  of  the  right 
groin  and  below  the  sternum.  The  wounds  of  the  skin  healed 
rapidly  and  without  incident.  The  animal  was  killed  three 
weeks  after  the  operation.  Cultures  were  made  from  both 
points,  which  remained  sterile.  The  examination  of  sections 
showed  no  fat-necrosis.     ' 

Cat  40.  Small,  thin.  A  small  piece  of  fresh  cat's  pancreas 
was  placed  in  the  fat-tissue  of  the  right  groin  through  the 
cannula.  The  wound  remained  healthy.  The  cat  was  killed  at 
the  end  ol  six  days.  Cultures  from  the  locality  remained 
sterile.  Examination  of  sections  dil  not  tlcmonstrate  fat-ne- 
crosis. 

Cat  42.  Small,  not  fat.  15y  means  ol  the  sterile  cannula 
small  bits  of  fresh  cat's  pancreas  were  introduced  into  the 
adipose  tissue  in  the  sternal  and  left  inguinal  regions.  After 
the  lapse  of  seventeen  days  the  points  in  question  were  exam- 
ined. A  positive  result  was  obtained  in  the  left  groin,  where  a 
small  spot  of  fat-necrosis  was  found.  (I'iatt-  V,  Fig.  2.)  Agar 
tubes  from  this  area  showed  no  growth.  No  bacteria  could 
be  found  in  sections  stained  by  the  Gram-Wcigcrt  method  and 
with  methylene-blue. 

Cat  43.  Large,  fat.  Through  a  glass  cannula,  bits  of  fresh 
cat's  pancreas  were  inserted  in  the  adipose  tissues  in  three 
places:  the  right  and  left  inguinal  regions  and  the  region 
below  the  sternum.     At  the  end  of  three  days  there  was  much 
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swelling  and  slight  fluctuation.  The  cat  was  killed.  Smears 
were  made  and  agar  tubes  inoculated  from  all  three  localities, 
and  the  spots  were  excised.  Suppuration  was  evident  in  all, 
and  gas-formation,  as  well,  below  the  sternum.  The  pancreas 
taken  in  this  case  was  from  the  same  source  as  that  used  for 
Cat  42  and  had  produced  no  growth  on  agar.  As  Cat  42  had 
shown  no  suppuration,  the  source  of  infection  in  Cat  43  was 
probably  the  skin.  The  cause  of  the  suppuration  proved  to 
be  an  undetermined  micrococcus.  Examination  of  sections 
showed  probable  fat-necrosis  in  both  inguinal  regions,  but  none 
in  the  locality  below  the  sternum. 

Cat  47.  Small,  sickl}',  not  fat.  Pieces  of  fresh  pancreas  of 
a  young  cat  were  placed  in  the  right  and  left  inguinal  adipose 
tissues  through  the  glass  cannula.  The  cat  died  unexpectedly 
two  nights  later.  Autopsy  showed  the  cause  of  death  to  be 
bronchitis  and  broncho-pneumonia,  probably  having  no  relation 
with  the  operation.  The  edges  of  the  wounds  had  parted 
slightly,  but  there  was  no  swelling  in  the  neighborhood,  nor 
any  of  the  macroscopic  evidences  of  suppuration.  Cultures 
from  both  sides  yielded  a  small  bacillus,  resembling  B.  coli 
communis.  The  weather  during  this  period  was  excessively 
hot,  and  the  results  of  the  cultures  were  not  deemed  positive 
evidence  of  ante-mortem  infection  of  the  points  of  introduc- 
tion. On  both  sides,  in  the  neighborhood  of  the  inserted  bits 
of  pancreas  and  for  two  to  three  millimetres  in  the  track  taken 
by  the  cannula,  the  adipose  tissue  had  a  strikingly  white, 
opaque,  cheesy  appearance.  Examination  with  the  micro- 
scope, fresh  and  in  sections,  demonstrated  the  histology  of 
fat-necrosis. 

Cat  48.  Large,  moderately  fat.  The  fresh  pancreas  of  a 
half-grown  kitten  was  used.  Small  bits  were  inserted  into  the 
adipose  tissues  of  the  right  and  left  inguinal  regions  through 
the  glass  cannula.  At  the  end  of  five  days,  the  cat,  appearing 
health}-,  was  killed.  The  regions  where  the  pancreas  had  been 
placed  were  not  swollen  ;  but  the  adipose  tissues  for  two  or 
three  millimetres  around  presented  a  white,  chees}-  appear- 
ance.    Examination  of  the  chees}-  matter  fresh,  and  of  the  re- 
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Fig.  I.  Cat  47.  Left  inguinal  adipose  tissue,  showing 
unaltered  and  necrotic  fat-cells,  accumulation  of  granules  and 
leucocytes  at  point  of  junction,  black  silk,  and  dark  fragment 
of  tissue  close  to  it,  probably  pancreas,  two  daj's  after  inser- 
tion of  pancreas ;  celloidin  ;  ha;matoxylin  and  eosin  ;  X  /O  ; 
photo-micrograph. 

Fig.  2.  Cat  42.  Part  of  the  area  of  fat-necrosis  from  the 
left  inguinal  region, seventeen  days  after  insertion  of  pancreas; 
celloidin;  hasmatoxylin  and  cosin  ;   X   70;   photo-micrograph. 

Fig.  3.  Cat  48.  Leit  inguinal  region  showing  isolated 
fragment  of  adipose  tissue,  almost  wholly  necrotic,  and  leuco- 
cytes ;  celloidin  ;  hnematoxylin  and  eosin.  Low-power  water- 
color  sketch  by  Miss  E.  M.  Porter. 
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gion  in  sections,  showed  the  characters  of  fat-necrosis.  Smears 
and  sections  stained  for  bacteria  and  culture  tests  ail  erave 
negative  results. 

Cat  49.  Medium-sized.  Bits  of  fresh  pancreas  from  a  full- 
grown  cat  were  introduced  b_y  means  of  a  sterile  glass  cannula 
into  the  adipose  tissues  of  both  inguinal  regions.  After  eight 
days,  appearing  healthy,  the  cat  was  killed.  The  skin  wounds 
were  in  good  condition.  There  was  slight  swelling  where  the 
pancreas  had  been  placed,  but  no  suppuration.  There  were, 
however,  numerous  minute,  curd-like,  white  spots  on  the  edges 
of  the  adjacent  adipose  tissues.  Agar  tubes  inoculated  from 
the  region  remained  sterile.  Smears  stained  for  bacteria  gave 
negative  results,  as  did  the  subsequent  examination  of  sections 
of  the  tissue  for  bacteria.  Inspection  of  the  curd-like  masses 
and  study  of  sections  of  the  tissues  gave  the  histology  of  fat- 
necrosis. 

Cat  50.  Small.  Received  a  bit  of  fresh  cat's  pancreas  in  the 
inguinal  region  through  the  sterile  glass  cannula.  At  the  end 
of  eight  days  swelling  and  fluctuation  indicated  pus-formation. 
The  pus  contained  an  undetermined  diplococcus.  Neverthe- 
less, the  histological  characteristics  of  fat-necrosis  were  dem- 
onstrated in  fresh  preparations  and  in  hardened  and  stained 
sections. 

Control  Experivients. — Finally,  in  order  to  prove  that  the  fat- 
necrosis  was  caused  by  the  bits  of  pancreas  inserted,  and  not 
by  the  injury  to  the  adipose  tissues  inHicted  at  the  operation, 
twelve  other  operations  were  performed  on  cats  52  to  55. 
These  operations  were  exactly  similar  to  those  just  described, 
including  the  insertion  ijf  bits  of  black  silk,  except  that  the 
portions  of  pancreas  were  omitted.  Nothing  resembling  fat- 
necrosis  appeared  in  any  case.  The  tissues  were  examined 
from  two  to  eight  days  after  the  operations.  Suppuration  also 
was  always  avoided,  confirming  the  opinion,  already  expressed, 
that  the  presence  of  pancreatic  ferments  in  the  tissues  renders 
them  more  liable  to  infection  by  pyogenic  bacteria.  Suppu- 
ration occurred  after  some  of  the  operations  on  cats  38  to  50, 
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where   pancreatic    tissue   was   introduced,  in    spite   of   every 
precaution  being  taken  to  avoid  it. 

General  description  of  the  lesions  at  the  site  of  introduction  of 
the  pancreas. — In  those  cases  which  resulted  favorabl)'  and 
where  the  autopsies  were  performed  only  a  few  days  after  the 
subcutaneous  insertion  of  the  pancreas,  the  adipose  tissues  in 
that  vicinity,  which  was  identified  by  the  piece  of  black  silk, 
acquired  a  white,  opaque  and  chees}-  character. 

The  opacity  was  found  to  reside  in  certain  fat-cells ;  while 
adjacent  fat-cells  presented  a  normal  appearance.  The  altered 
cells  exhibited  a  brown  tinge,  and  their  contents  consisted  of 
minute  linear  crystals.  Ring-shaped  plates  were  seldom  seen, 
while  they  were  common  in  the  necrosis  obtained  in  the  cat 
after  operations  on  the  pancreas.  Fragments  of  similar 
opaque  material  were  seen  which  appeared  to  have  arisen  from 
the  breaking  up  of  such  altered  cells.  Loose  cr3Stals  and 
granules  were  also  abundant. 

The  amount  of  material  was  too  small  to  permit  the  appli- 
cation of  micro-chemical  tests  in  a  perfectly  satisfactory  man- 
ner in  all  instances.  When  they  could  be  employed  the  reac- 
tions were  those  characteristic  of  fat-necrosis,  including  some- 
times the  demonstration  of  calcium  salts. 

The  tissues  were  hardened  in  alcohol  or  in  formaldehyde 
and  embedded  in  celloidin.  Sections  stained  with  haMiiatoxy- 
lin  and  eosin  gave  satisfactory  pictures.  The  region  where 
the  pancreas  had  been  placed  was  readily  discovered  by  means 
of  the  black  silk  which  had  been  introduced  with  the  piece  of 
pancreas.  The  pancreas  itself  could  not  be  identified  with 
certainty.  Fragments  of  disorganized  tissue  associated  with 
the  bits  of  silk,  staining  with  cosin,  not  stained  by  the  Gram- 
Weigert  method,  and  exhibiting  neither  nuclei  nor  definite 
structure,  were  supposed  to  represent  the  pieces  of  pancreas. 

The  altered  fat  ceils  were  found  on  the  surface  of  the  cavity 
containing  the  silk  and  these  fragments  of  tissue  (Plate  Y. 
Fig.  I).  Their  contents  stained  intensely,  partly  with  luema- 
toxylin,  partly  with  eosin.  The  contents  consisted  in  some 
cases  of  homogeneous  material,  in  sonic  cases  of  needle-shaped 
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or  fine  feathery  crystals,  plainly  visible  in  balsam  preparations. 
The}'  often  contained  granules,  which  stained  intensely  with 
hasmatoxylin,  of  very  variable  size,  usually  round,  but  some- 
times quite  irregular  in  form.  Similar  granules  occurred  be- 
tween the  cells.  Some  of  these  granules  may  have  owed  their 
intense  stain  to  the  presence  of  calcium  salts.  Some  of  them 
appeared  to  have  arisen  from  the  breaking  up  of  nuclei.  Nu- 
clei belonging  to  the  necrotic  fat-cells  could  not  be  discovered. 
The  altered  fat-cells  were  of  normal  size  or  slightly  enlarged 
at  most.  Necrotic  cells  were  lound,  which  were  almost  com- 
pletely disintegrated,  and  with  them  loose  crystals  and  fine 
granular  material. 

Between  and  around  the  necrotic  fat-cells,  polynuclear  leu- 
cocytes appeared,  usually  so  as  to  make  an  extensive  accumu- 
lation, though  sometimes  in  relatively  small  numbers  (Plate  V. 
Fig.  3).  The  interstices  of  the  neighboring  unaltered  adipose 
tissues  also  contained  leucocytes,  which,  with  the  granules 
above  mentioned,  occasionally  constituted  a  well-marked  zone 
around  the  region  of  operation.  Larger  cells  with  undivided 
nuclei,  probably  endothelial,  were  visible  in  smaller  numbers, 
especially  around  the  fibres  of  silk.  Fragmentation  of  nuclei 
was  often  seen.  A  fine  reticulum,  stained  by  the  Gram-Wei- 
gert  method,  which  was  observed  sometimes  in  the  area  of 
most  intense  necrosis,  suggested  the  formation  of  fibrin. 
In  no  case  was  there  marked  evidence  of  hsemorrhage. 
Where  the  time  after  operation  was  longest  (12  da3-s  in  Cat  38, 
17  days  in  Cat  42)  the  .silk  and  area  of  necrotic  cells  were  en- 
closed in  richl}'  cellular,  new-formed  fibrous  tissue.  In  the 
same  cases  there  was  less  accumulation  of  leucocytes  than  in 
the  more  recent  ones. 

It  will  be  seen  that  in  all  essential  respects  the  histological 
characters  of  subcutaneous  adipose  tissues  which  are  subjected 
to  the  direct  action  of  the  excised  pancreas  ma}-  be  identical 
with  the  peritoneal  fat-necroses  observed  after  ligation,  lacera- 
tion, and  other  operations  on  the  pancreas. 

Summary. — Thirteen  cats  were  used  for  the  subcutaneous 
introduction   of  pancreas  into  the  adipose  tissues  in  twenty- 
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four  places.  At  nine  points  fat-necrosis  ensued ;  in  nine  there 
was  no  fat-necrosis;  in  six  the  result  was  doubtful.  The 
doubtful  results  were  in  cases  in  which  suppuration  compli- 
cated the  issue.  At  eleven  points  there  was  no  infection,  two 
were  doubtful,  and  eleven  became  infected.  Selecting  the 
eleven  in  which  there  was  no  infection  and  the  two  classed  as 
doubtful,  where  infection  was  probably  post-mortem,  in  all 
thirteen,  we  find  eight  points  at  which  fat-necrosis  occurred 
and  five  from  which  it  was  absent.  Control  e.\periments 
showed  that  the  fat-necrosis  was  due  to  the  presence  of  the 
pancreas,  and  not  merely  to  the  mechanical  injury  to  the 
adipose  tissue. 


SPONTANEOUS  FAT-NECROSIS   IN   THE   CAT. 

In  connection  with  this  work  the  writer  has  examined  the 
pancreas  and  peritoneal  adipose  tissues  of  more  than  fifty  cats. 
Quite  early  one  was  encountered  exhibiting  spontaneously 
minute  white  spots  in  the  omental  fat,  not  near  the  pancreas, 
however,  which,  on  section,  resembled  closely  very  small  areas 
of  fat-necrosis.  Later  a  similar  condition  was  found  in  a 
second  cat. 

This  animal  was  very  fat.  The  abdomen  was  opened  with  a 
view  to  operating  on  the  pancreas,  when  the  adipose  tissue  of 
the  omentum  was  observed  to  contain  about  ten  irregular, 
opaque,  white  areas,  approximately  one-fourth  of  a  millimetre 
in  diameter.  They  were  not  observed  in  the  vicinity  of  the 
pancreas.  Two  of  these  areas  and  a  small  bit  of  tiic  pancreas 
were  removed  for  examination.  Sections  of  the  ]iancrcas  ex- 
hibited nothing  remarkable.  One  of  the  suspicious  areas  in 
the  omental  fat,  under  the  microscope  proved  to  be  opaque; 
after  slight  pressure  it  broke  into  irregular,  translucent  masses, 
with  a  brown  tinge,  and  made  of  line,  radiating  crystals. 
U|)(>n  the  warm  stage,  after  the  addition  of  glacial  acetic  acid, 
the  brown  masses  dissolved  ;  at  the  same  time  there  was  a  no- 
ticeable evolution  of  oil  droplets,  apparently  from  the  brown 
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masses.  The  small  size  of  the  suspected  areas  made  removal 
beforehand  of  the  free  fat  with  boiling  alcohol  and  ether  im- 
possible. Subsequent  neutralization  and  addition  of  oxalic 
acid  solution,  produced  an  abundant  precipitate  of  calcium 
oxalate  crystals.  Thin  sections  stained  in  ha^matoxylin  showed 
the  area  partly  surrounded  by  good-sized  mononuclear  cells, 
which,  along  with  a  small  amount  of  fibrous  tissue,  partly  pen- 
etrated its  interior. 

The  condition  seemed  to  be  one  of  fat-necrosis  arising  spon- 
taneously in  the  cat,  and  probably  not  recent  (Plate  III,  Fig.  3). 
If  it  depended  upon  any  morbid  state  of  the  pancreas,  that 
had  apparently  subsided.  It  is  possible,  though  not  probable, 
that  such  spontaneous  fat-necroses  in  the  cat  might  lead  to  er- 
roneous conclusions  in  the  course  of  experiments  like  those 
which  have  alreadj'  been  described.  The  writer  has" endeav- 
ored to  be  scrupulous  to  avoid  error  in  this  direction. 
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GENERAL  SUMMARY  AND  C05JCLUS10NS. 

The  clinical  histories  of  the  three  cases  described  on  the 
first  pages  of  this  report  arc,  in  most  respects,  characteristic 
of  acute  pancreatitis.  Fitz"  described  the  symptoms  of  acute 
pancreatitis  as  follows :  "  Sudden,  severe,  often  intense  epigas- 
tric pain,  without  obvious  cause  in  most  cases,  followed  by 
nausea,  vomiting,  sensitiveness,  and  tympanitic  swelling  of  the 
epigastrium.  There  is  prostration,  often  extreme,  frequent 
collapse,  low  fever,  with  a  feeble  pulse.  Obstinate  constipa- 
tion for  several  da3-s  is  the  rule,  but  diarrhoea  sometimes 
occurs." 

It  has  been  suggested  that  the  pain  and  symptoms  of  col- 
lapse may  be  due  to  pressure  upon  or  injury  to  the  solar  plex- 
us. In  a  case  of  hremorrhagic  pancreatitis,  Osier  and 
Hughes-'  found  the  semilunar  ganglia  large  and  succulent,  the 
ganglion-cells  cloudy  and  indistinct,  numerous  small,  round 
cells,  while  a  group  of  greatly  swollen  Pacinian  bodies  lay 
behind  the  duodenum  and  pancreas;  fat-necrosis  was  not 
recorded  as  present.  The  solar  plexus  and  semilunar  ganglion 
were  examined  with  negative  results  in  a  case  of  Fitz's",  (Case 
XXXIII.) 

In  Warthin's^  case  of  ha;morrhagic  pancreatitis,  the  nerve- 
trunks  connected  with  the  caliac  axis  were  involved  in  the 
necrotic  |)rocess  proceeding  from  the  pancreas,  but  they  were 
less  affected  than  the  other  tissues  of  the  part.  Some  of  the 
nerves  showed  hajmorrliagcs.  The  Pacinian  bodies  exhibited 
various  conditions — (jL'dema,  haemorrhages,  complete  necrosis, 
or  small  cell  infiltration.  The  semilunar  ganglia  were  entirely 
necrotic.  There  were  also  evidences  of  chronic  connective 
tissue  proliferation  about  the  nerve  structures. 

Rolleston^^  suggested  that  fat-necrosis  might  be  due  to  some 
disturbance  of  inaervation  arising  in  tiie  solar  plexus.  It  is 
much  to  be  regretted  that  no  examination  of  the  solar  plexus 
was  possible  in  l)i.  .Stockton's  and  the  writer's  Case  III. 
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The  three  cases  illustrate  three  important  types  of  anatom- 
ical conditions  under  which  multiple  fat-necrosis  occurs.  In 
Case  1,  there  was  no  pancreatitis,  and  the  only  alteration  was 
necrosis  of  the  acini  of  the  pancreas.  Such  cases  have  been 
shown  by  Fitz"  to  be  exceptional,  (see  also  page  56  below). 
Some  years  ago  the  writer  tabulated  fifty-three  cases  of  mul- 
tiple fat-necrosis;  all  but  six  (11.3  percent.),  showed  marked 
pancreatic  disease,  usuall}'  ha;morrhagic  or  gangrenous  pan- 
creatitis. Case  II  is  an  example  of  ha?morrhagic  pancreatitis, 
though  not  of  severe  degree.  In  Case  III  we  have  a 
rare  but  very  interesting  condition  where  pancreatitis  and 
fat-necrosis  followed  an  injur}^  to  the  pancreas,  and  in  which 
the  circumstances  were  ver\^  similar  to  those  in  the  cat,  where 
fat-necrosis  was  produced  by  operations.*  The  writer  has 
never  encountered  a  case  of  suppurative  pancreatitis,  which 
also  appears  to  be  a  less  common  cause  of  fat-necrosis. 

Bacillus  coli  communis  was  present  in  two  of  the  cases. 
The  same  organism  has  been  reported  by  Welch^  and  others 
in  connection  with  this  aflection.  Various  other  bacteria  have 
been  found  by  different  observers.  Cases  have  also  been  de- 
scribed in  which  the  fat-necroses  were  sterile.  It  is  probable 
that  no  organism  plays  more  than  a  subordinate  part  in  the 
production  of  fat-necrosis,  although  it  is  well  known  that  cer- 
tain bacteria  possess  the  power  of  decomposing  fats.'- 

Numerous  observers  have  noted  the  superficial  resemblance 
of  nodules  of  fat-necrosis  to  secondary  carcinomata  and  to  tu- 
berculous collections,  which  appeared  in  the  three  cases  de- 
scribed in  this  report. 

In  all  three  of  the  cases  the  subjects  were  either  stout,  or,  at 
least,  the  adipose  tissues  were  well  developed.  The  writer 
tabulated  forty-seven  cases  of  iat-necrosis,  of  which  thirty- 
five  (74.4  per  cent.)  were  recorded  as  being  fat,  frequently 
very  fat  indeed.  The  subjects  of  this  disease  are  not  neces- 
sarily stout,  however.  Katz  and  Winkler"  collected  reports 
of  eighty-one  cases,  of  which   thirty-five  (43.2  per  cent.)  were 

*  A  case  of  abdominal  injury,  with  rupture  of  the  pancreas  and  extensive  fat-aecrosis,  was  reported 
by  Schmidt,  Miinchener  Medicinische  Wochenschrift,  May  8,  1900. 
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said  to  be  fat.  It  is  possible  that  the  presence  of  a  pancreatic 
secretion  with  powerful  fat-splitting  properties  maj-  first  lead 
to  the  accumulation  of  adipose  tissue,  and  then  to  fat-necrosis, 
if,  through  accident  or  inllammation  the  secretion  is  permitted 
to  come  in  contact  with  the  adipose  tissues.  If  this  theory — 
which  it  would  be  very  difficult  to  prove — be  true,  a  certain 
analog}'  would  exist  between  the  conditions  supposed  and  the 
frequent  association  of  peptic  ulcer  of  the  stomach  with  a 
highly  acid  gastric  juice.  Speculation  unsupported  by  actual 
observation  shows  numerous  other  possibilities,  however  :  for 
instance,  the  over-developed  adipose  tissues  of  corpulent  per- 
sons may  contain  numerous  insufficiently  nourished  areas 
which  may  be  highly  susceptible  to  the  action  of  pancreatic 
ferments  or  any  morbid  agent,  or,  the  activity  of  some  of  the 
constituents  of  the  pancreatic  juice  may  be  heightened  by  in- 
flammation, though  this  is  less  probable. 

The  assumption  just  made  that  fat-necrosis  is  due  to  the  fer- 
ment of  the  pancreas  which  decomposes  fats  became  possible 
when  Langerhans-'  showed  that  the  fats  in  fat-necroses  had  been 
decomposed,  liberating  fatty  acids,  which  usually  combined 
again  with  calcium.  In  those  rare  cases  in  which  fat-necroses 
have  been  found  unassociated  with  disease  of  the  pancreas 
and  at  the  same  time  in  situations  remote  from  the  abdominal 
cavity,  it  is  likely  that  the  affection  is  quite  different  in  origin. 
The  fat-necroses  in  bone-marrow-''  and  in  lipomata'are  examples 
of  this  form  ;  probably  also  the  spontaneous  fat-necroses  which 
the  writer  has  observed  in  the  cat. 

Besides  the  almost  constant  and  significant  association  of 
multiple  fat-necrosis  with  disease  of  the  pancreas,  one  is  im- 
pressed with  the  frequent  appearance  of  minor  forms  of  fat- 
necrosis  close  to  the  pancreas.  These  appear  to  be  of  two 
kinds — those  which  occurred  before  death,  as  shown  by  the 
presence  of  inflammatory  reaction  or  by  encapsulation,  and 
those  which  may  have  formed  post-mortem. 

In  the  writer's  experience  the  ante-mortem  minor  fat-necro- 
ses have  always  been  associated  with  catarrh  of  the  ducts  or 
other  pancreatic  disease.     These  appear   then   to   differ  from 
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multiple  or  disseminated  fat-necroses  only  in  degree.  Those 
cases  where  occlusion  of  the  duct  occurs  are  the  simplest  to 
understand  (Case  B,  pancreatic  calculi).  Carcinoma  of  the 
pancreas,  acting  in  the  same  manner,  has  been  reported  ''■'•-■'. 
Fat-necrosis  has  been  seen  also  where  gall-stones,  which  were 
impacted  in  the  ampulla  of  Vater,  might  have  obstructed  the 
pancreatic  duct.  Larkin's  case-^  seems  to  have  been  of  this 
character.  Opie"  has  collected  a  number  of  cases  where 
similar  conditions  prevailed,  it  is  possible  that  where  mul- 
tiple fat  necrosis  has  existed  without  any  assignable  cause 
(as  in  Case  I,  of  Dr.  Stockton  and  the  writer),  such  an  impacted 
gall  stone  may  have  been  present  early  and  have  been  dis- 
lodged subsequently. 

In  one  instance,  which  is  considered  among  the  examples  of 
minor  fat-necrosis  (Case  C),  it  was  suspected  that  a  ha?morrha- 
gic  pancreatitis  had  occurred  previousl}'.  Thayer^^  and 
others-"  have  reported  cases  where  pancreatitis  and  fat-necrosis 
were  discovered  at  abdominal  operations  and  the  patients  re- 
covered. 

The  minor  fat-necroses  around  which  no  inflammatory  reac- 
tion exists  may  have  occurred  post-mortem.  They  would 
then  resemble  the  auto-digestion  of  the  parench3'ma  of  the 
pancreas  described  by  Chiari*.  This  auto-digestion  of  the 
pancreas  is  also  interesting  in  connection  with  the  view  held 
by  many  observers,  that  the  liability  of  the  pancreas  to 
haemorrhage  is  to  be  explained  by  the  action  of  pancreatic 
ferments. 

Balsen  and  others  have  described  fat-necroses  about  the  pan- 
creas of  the  hog.  The  writer  has  found  that  such  fat-necroses 
are  occasionall}'  seen  in  hogs  in  the  United  States. 

Hildebrand'*  and  others  succeeded  in  producing  fat-necroses 
in  the  cat  by  placing  ligatures  about  the  pancreas  and  its  duct. 
Experiments  are  related  in  this  report  which  illustrate  and 
confirm  the  results  of  these  operations.  The  fat-necroses  may 
occur  at  points  as  remote  from  the  pancreas  as  the  mesorec- 
tum.  The  macroscopic  appearance  of  the  lesions,  sometimes, 
but  exceptionally,  resembles  the  results  of  thrombosis  or  embo- 
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lism.  The  effects  are  always  most  pronounced  in  the  immedi- 
ate vicinity  of  the  pancreas.  It  is  possible  that  coincident  in- 
fection by  bacteria  renders  the  tissues  more  liable  to  fat-necro- 
sis alter  injury  to  the  pancreas.  Experiments  in  this  direction 
were  not  numerous  enough  to  be  conclusive.  On  the  other 
hand,  there  is  also  some  ground  for  thinking  that  tissues  ex- 
posed to  the  action  of  pancreatic  ferments  are  rendered  more 
susceptible  to  infection  by  pyogenic  bacteria. 

Opie-'  has  recentl}-  performed  the  operation  of  ligating  both 
pancreatic  ducts  in  the  cat,  ami  has  succeeded  in  producing 
"  widespread  necrosis  of  the  fat,  not  only  oi  the  abdomen,  but 
of  the  subcutaneous  tissue  and  of  the   pericardium   as   well. 

.  .  .  .  The  e.vtent  of  the  process  is  dependent  upon  the 
gradual  diffusion  of  the  fat-splitting  ferment,  and  coircsponds 
in  some  degree  with  the  length  of  time  which  the  animal  sur- 
vives the  operation;  stimulation  of  the  secreting  activity  of 
the  gland  (with  pilocarpin)  hastens  this  diffusion."  Tiiese 
experiments  go  far  towards  explaining  those  iniman  cases  in 
which  fat-necrosis  occurs  at  long  distances  from  the  pancreas, 
and  where  disease  of  the  pancreas  seems,  nevertheless,  to  be 
the  cause  of  the  fat-necrosis.  Formad"  said  of  a  remarkable 
case  reported  bv  him,  that  I  he  wliole  adipose  tissue  of  the 
body,  not  merely  of  the  trunk,  but  also  of  the  extremities,  was 
affected  with  fat-necrosis.  Ilansemann'-  told  of  a  patient  in 
whom  subcutaneous  fat-necroses  corresponded  with  roseola- 
like spots  on  the  skin.  Chiari'  saw  the  subplcural,  subpcri- 
cardial  and  subcutaneous  adijiose  tissues  involved. 

Katz  and  Winkler'',  who  performed  a  large  number  of  oper- 
ations on  the  pancreas  of  the  dog,  including  ligations,  found  a 
tendency  on  the  part  <if  tiie  fat-necroses  to  appear'  in  I  lie  im- 
mediate vicinity  of  the  ligatures.  The  writer  oljscrved  the 
same  relation  in  some  cases.  Katz  and  Winkler  frec^ncntlv 
found  haemorrhages  in  and  about  the  pancreas. 

Flexner'  succeeded  in  demonstrating  a  fat-s|)litting  ferment 
in  fat-necroses  by  chemical  tests,  bcjth  in  Iniman  subjects  and 
in  lesions  produced  in  cats.  Ills  results  have  been  coniirmed 
by  Opie". 


Fat-Necrosis.  59 

The  direct  action  of  a  suspension  of  pancreas  on  adipose 
tissue  was  first  tested  b}'  Langerhans",  who  produced  fat- 
necrosis  in  one  instance.  This  experiment  has  been  repeated 
by  the  writer  in  a  modified  form.  The  direct  introduction  of 
fresh  cat's  pancreas  into  subcutaneous  adipose  tissue  produced 
fat-necrosis  in  the  vicinity  in  about  half  of  the  cases.  This 
happened  also  when  it  was  proved  by  bacteriological  examin- 
ation that  no  accidental  infection  had  occurred.  It  was  shown 
by  control  experiments  that  the  fat-necrosis  did  not  result 
merely  from  injury  to  the  adipose  tissue  when  pancreatic  fer- 
ments were  not  present.  Oser  and  Katz "  secured  about  the 
same  results.  Opie^  succeeded  in  turning  the  ligated  ends  of 
tjie  pancreatic  ducts  into  the  subcutaneous  tissue;  fat-necrosis 
in  this  situation  resulted. 

Hlava"  produced  pancreatitis  and  fat-necrosis  in  the  cat  by 
injecting  the  diphtheria  bacillus  into  the  pancreas.  The  writer 
observed  a  similar  result  from  an  accidental  infection  of  the 
cat's  pancreas  with  a  streptococcus.  Hlava"'  and  Flexner"* 
have  shown  that  pancreatitis  and  fat-necrosis  ma)-  be  produced 
in  animals  by  the  injection  of  hydrochloric  acid  and  other  ir- 
ritants into  the  pancreatic  duct.  Hlava  found  some  probabil- 
ity in  the  theory  that  pancreatitis  might  result  from  the  en- 
trance of  gastric  juice  into  the  pancreatic  duct. 

Whitney^'  called  attention  to  the  resemblance  of  fat-necroses 
to  the  localized  necroses  produced  in  the  viscera  by  bacterial 
and  other  poisons.  The  focal  character  which  fat-necroses 
often  show  is  difificult  to  explain  by  the  action  of  a  soluble  fer- 
ment. More  exact  knowledge  of  the  nature  of  the  fat-splitting 
ferment  of  the  pancreas,  and  of  the  causation  of  hasmorrhagic 
pancreatitis,  and  further  studies  on  the  condition  of  the  solar 
plexus  in  pancreatitis,  are  much  to  be  desired. 
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